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r  H  E  favourable  Reception  the 
former  Editions  have  met  with , 
inclines  me  to  hope  that  this  feventh 
Edition  will  fnd  further  Encourage¬ 
ment  from  the  Public ;  efpecially  when 
it  is  known  what  great  Improvements 
are  made  through  the  whole  Work 
fnce  the  frf  Edition  of  this  Book,  both • 
by  the  Advice  and  Remarks  of  many 
learned  and  judicious  Perfons ,  (which  I 
here  gratefully  acknowledge)  and  my 
own  Obfervations .  All  this  has  pro¬ 
duced  confiderable  Alterations ,  Correc¬ 
tions,  and  Additions ;  for  many  new  and 
curious  Subjects,  and  ten  new  Plates , 
are  added :  And  the  mof  approved 
Authors }  who  have  treated  more  largely 
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PREFACE. 

of  thefe  Things ,  than  can  be  expe&ed 
in  this  fmall  K olume ,  are  referred  to, 
I  fall  add  no  more ,  but  that  this  Book 
is  defgned for  the  InflruElion  and  En¬ 
tertainment  of  the  Youth  of  both  Sexes : 
And  that  it  may  fo  delirht  and  allure 
them ,  as  to  engage  them  to  purfue  true 
Knowledge  to  a  greater  Perfection ,  is 
the  Jincere  Defre  of 


Their  humble  Servant , 


* 

Benjamin  Martin. 
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Oftb  e  Science  of  Philofophy  in  gene¬ 
ral  i  oj  Natural  Philofophy  in  par¬ 
ticular  ;  its  Parts  and  Subjects ,  and 
various  Ufes  in  Life , 


HAT  is  the  genuine 


of  the  Word  Philofophy  f 
B.  By  Philofophy,  you  are  to 
understand  the  Science  or  Knowledge  of  the 
Nature,  Caufes,  Properties,  and  Effedts  of  all 
created  Beings,  fo  far  as  they  are  capable 
of  being  known  by  Reafon,  difcovered  by  Art, 
or  any  Ways  adapted  to  the  human  Compre- 
henfion 


*  The  Word  Ph  i  losophy  among  the  Ancients  was  nfed  in 
a  various  Senfe ;  for,  (l)  It  fometimes  was  taken  for  Uni- 
verfal  Knowledge,  viz.  of  ail  Things,  Human  and  Divine, 
(2,)  In  a  ftri&er  Notion,  for  the  Contemplation  of  Nature  only  ; 
and  in  this  Senfe  a  Philofopher  was  called  by  Plato., 
tpvrztas,  A  Friend ,  or  Lover  of  Nature .  (3.)  Sometimes  foj* 
Ethics ,  or  the  Dodhrine  of  Manners;  which  we  call  Moral  Phi¬ 
lofophy.  (4.)  It  alfo  included  the  Mathematical  Arts  and  Dif- 
.cipline,  efpecially  Arithmetic  and  Geometry.  {5.  The  Science 
r5e’W®?  orros,  of  Exigence  or  Being  in  the  Abilradt,  called  Me* 
taphyfics .  (6.)  For  the  Knowledge  rS  n-p6jTHx.x^S9  of  the  Prime 
or  Chief  Good,  2.  e.  God ;  and  this  was  their  prpma  Philofophia , 
or  Theology.  (7.)  It  was  fometimes  applied  to  Logic,  or  Dia¬ 
lectics,  which  gave  Rules  for  reafoning  about  the  Nature  of 
Things. — But  on  the  Whole,  the  Knowledge  of  God,  Na¬ 
ture  and  Arts,  was  fo  very  imperfedt  and-ift^nty,  that  Philofo¬ 
phy  feems  but  dawning  in  the  Works  of  its  greatefh  Profeffors 
^unong  them.  1 

A  2  A .  Pleafc 


4  Philosophical  Grammar. 

A.  Pleafe  to  be  a  little  more  particular  in 
your  Definitions,  or  I  cannot  fo  eafily  (as  I 
would)  apprehend  you:  What  do  you  mean 
by  the  Nature  of 'Things  ? 

B.  By  the  Nature  of  any  Being,  or  Thing, 
is  meant  that  peculiar  State  or  Condition, 
whereby  it  is  differenced  in  its  Kind  from  all 
other  Beings  whatfoever:  Thus  it  is  the  Na¬ 
ture  of  God  to  be  perfect ;  of  Man  to  be  fo- 
ciahle ;  of  Fire  to  be  hot  5  of  Ice  to  be  cold, 
&c. 

A .  In  like  Manner  explain  what  you  mean 
by  the  Caufes  of  Things,  that  I  may  the  better 
apprehend  you  on  thefe  Philofophical  Sub¬ 
jects. 

B .  By  Natural  Caufes  are  to  be  underftood 
the  Means  by  which  Things  come  at  fir  ft  to 
have  their  Being  or  Exiftence:  Thus  God  is 
the  Caufe  of  all  created  Beings,  becaufe  from 
him  they  fir  ft  received  their  Being;  and  hence 
God  is  called  by  way  of  Preheminence  the firft 
and  primary  Caufe  of  all  Things. 

A*  I  have  heard,  and  alfo  read  of  fecondary 
Caufes ;  pray,  what  is  the  Reafon  of  this  Difi- 
tinction  ? 

j B.  Fil  endeavour  to  inform  you.  Seconda - 

•» 

ry  Caifes  are  thofe  which  produce  their  Ef¬ 
fects  according  to  the  Direction  and  Influence 
of  fome  eftabliChed  and  original  Laws  and 
Rules,  implanted  in  their  Natures  at  their  firft 
Creation  by  God,  the  primary  Caufe ;  of  all 
other  Caufes  he  is  the  original  Caufe;  and 
confequently  they,  with  Regard  to  the firjl 
Caufe. .can  be  only  properly  termed  fecondary 

1  Caufes : 


Of  Philofophy  in  General .  5 

Caufes:  So  the  Sun  caufeth  Vapours;  and 
Vapours  caufe  Clouds;  and  Clouds  condenfed 
caufe  Rain;  Rain  caufeth  Springs,  Rivers.  Ve¬ 
getation,  &c.  but  yet  they  all  ad!  in  a  fecon- 
dary  Manner,  under  the  original  Influence  of 
the  firfl  Caufe,  as  aforefaid 

A.  Pleafe  next  to  define  what  you  call  the 
Properties  of  Bodies. 

B .  By  Bodies,  I  fuppofe,  you  mean  the  fe- 
veral  Rinds  of  Beings  in  general,  as  they  ap¬ 
pear  to  our  Sight;  and,  in  this  common  Senfe 
of  the  Word,  the  Properties  of  Things  are 
thofe  Qualities  and  Operations  peculiar  tothem- 
felves,  and  which  diftinguifh  them  from  all 
other  Kinds  of  Beings :  Thus  it  is  the  Pro¬ 
perty  of  Man  to  laugh,  and  reafon;  of  Glafs 
to  be  tranfparent;  of  Air  and  Wind  to  be  in- 
vifible ;  of  Space  to  be  infinite ;  of  God  to  do 
Good,  &c. 

A.  The  Knowledge  of  Effects  you  mention¬ 
ed  as  a  Part  of  Philofophy;  what  ami  to  un¬ 
der  ftand  thereby  ? 

i>\  This :  That  an  E fifed!  is  whatever  is 
produced  or  brought  to  pafs  by  the  Adfion  or 
Operation  of  any  natural  Caufe :  Thus  Va¬ 
pours  are  the  Effect  of  the  Sun's  Attraction; 
Ice  is  the  E  fifed!  of  a  cold  Air ;  Vifibility  the 

.  1 

*  The  Doctrine  of  Secondary  an&Fina!  Caufes,  is  of  the  1  aft 
Importance  in  true  Philofophy  ;  fince  the  former  are  the  Means 
by  which,  and  the  latter,  the  Ends  for  r which ,  all  Things  receive 
the  r  Being  from  the  Primary  Efficient  Caufe,  which  is  God 
,  alone. 
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Effedl  of  Light;  and  Purging  and  Vomiting 
the  Effects  of  divers  Herbs  and  Medicines. 

A.  Having  given  this  general  Account  of 
Philofophy,  I  fliould  be  glad  if  you'd  oblige  me 
with  a  more  particular  one;  pray,  how  many 
Sorts  of  Philofophy  are  there? 

B.  Philofophy  is  divided  generally  into  Mo¬ 
ral  and  Natural. 

A.  What  d©  you  call  Moral  Philofophy  ? 

B .  This  is  properly  called  Ethics ,  from  the 
Greek  Word?'8o$,  and  Morality,  from  the  La¬ 
tin  Word  Mos,  plural  Mores ,  both  fignifying 
Manners  or  Behaviour . 

A.  Pray,  what  is  the  Bufinefs  of  Moral 
Philofophy  ? 

B .  To  give  Rules  and  Laws  for  the  Beha¬ 
viour,  MannerSj  and  Conduct  of  Man,  as  Man, 
or  as  a  rational  Creature. 

A.  Pleafe  to  tell  me  the  End  or  Defign 
thereof. 

B.  The  great  End  and  Defign  of  Morality 
is  to  make  Mankind  acquainted  with  the 
Means  and  Methods  of  being  happy,  or  to 
obtain  the  gredteft  Felicity  in  this  Life. 

A .  What  do  you  properly  call  Natural  Phi¬ 
lofophy  ? 

B,  This  hath  two  proper  Appellations;  one 
in  Thyfic ,  from  the  Greek  (pi)  a  is,  Nature ,  or 
(pucrrzn.  Natural ;  and  fo  it  imports  to  us  the 
Science  or  Knowledge  of  Nature,  or  natural 
Bodies. 

A.  But  you  fay  it  hath  another  Name ; 
what  is  that  ? 

Thy - 


T he  Differ,  of  moral  and  natural  Philofophy .  7 

B.  Phyfology;  fo  called  of  (puns,  Nature , 
and  a oyot,  a  Difcourfe ;  and  by  this  is  implied 
a  Difcourfe  of  Nature,  and  natural  Bodies;  and 
fuch  is.  the  enfuing  Book 


A .  Since  the  Word  Philofophy,  then,  is  ge¬ 
neral  ;  what  is  implied  by  it  ? 

j B.  The  Word  Philofophy  is  compounded  of 
the  two  Greek  Words  cpLAlcc,  Love,  and  aoplcc, 
Wifdom ,  or  Knowledge ;  and  thus  it  implies  the 
Lo  ve  of  Wifdom,  or  the  Study  of  Knowledge 
or  Learning  in  general,  as  aforefaid^. 

A .  How  came  the  Word  Philofophy  frit  in 
Ufe  ? 

B.  Pythagoras ,  a  learned  Greek  Philofopher 
of  Samos,  from  his  great  Modefty,  efteemed  the 
Appellation  aopos,  a  wife  Man ,  too  arrogant, 
(though  the  general  Chara£ter  of  a  learned  Man 
before  his  Time)  and  therefore  he  was  content 
to  call  himfelf  <p/Ao?,  a  Lover,  o-otpiccs,  of  Wif¬ 
dom:  And  fince  him  the  Science  has  been 


called  Philofophy ,  i.  e.  Love  of  Wifdom-,  and 
thofe  who  itudy  it,  Philofophers . 


*  TheG  reek  Word  <pv<nq  and  the  Latin  Natura ,  (whence  the 
Englifh  Word  Nature )  are  both  derived  from  Verbs,  viz.  (pvv 
and  Nafcor,  which  lignify  to  make^  produce,  beget ,  or  give  Berxg 
to  any  Thing.  Thus  Nature ,  properly  fpeaking,  is  the  General 
Birth  of  all  Things. 

f  The  Word  Philofophy ,  though  literally  Greek,  yet  is  of  an 
Hebrew  Derivation  ;  for^A.h  feems  to  be  from  nVa,  to  J'epa.- 
rate ,  fet  apart,  feledt ;  which  is  the  Aft  of  Love  in  a  mod  emi¬ 
nent  Degree  :  And  c rotplx,  is  evidently  from  nsv.  to  obferve ,  ex - 
plore,vievj,  and  contemplate  Things  ;  which  is  the  proper  Bud- 
nefs  of  a  Naturalijl.  And  thus  from  cmstf  came  the  Greek  crotpal 
or  Contemplative  Wife  Men.— -Yet  notwithdanding  this,  fuch 
poor  Philofophers  were  the  Hebrews ,  that  their  Language  affords 
not  one  Word  for  Nature  or  Philofophy „ 

A  4  A.  Very 
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A .  Very  good;  but  fay,  what  is  the  proper 
Subject  of  Natural  Philofophy? 

jB.  Subftance  or  Matter,  under  all  the  va¬ 
rious  Forms  and  Figures  we  behold  it,  which 
we  call  Natural  Bodies,  with  all  their  Pro¬ 
perties  and  Affedtions. 

A .  What  is  the  Deiign  of  Natural  Philo- 
fop  by  ? 

B.  To  improve  human  Knowledge,  to 
make  us  better  acquainted  with  Nature,  to 
give  us  a  rational  Senfe  of  Things,  by  difco- 
vering  the  Reafon  of  the  various  and  different 
Affections,  Qualities,  and  Effects  of  ObjeCts, 
which  offer  themfelves  to  our  Senfes,  fo  far  as 
is  poffible. 

A.  What  are  the  more  principal  Ufes  of 
Philofophy  in  the  Affairs  of  human  Life? 

JS.  They  are  almoft  innumerable;  for  here¬ 
by  Men  are  diffingu idled  from  Brutes,  who 
indeed  behold  the  various  Phafes  of  Nature, 
but  can  tell  the  Reafon  or  Caufe  of  none. 
By  this  Art,  the  Bhyfician  acquires  the  Know¬ 
ledge  of  the  Virtue  and  Effedts  of  Plants  and 
Herbs;  the  Chymifi  hereby  obtains  the  Me¬ 
thod  of  analyzing  and  diffolving  Metals,  Mi¬ 
nerals,  Plants,  animal  Subfiances,  &c.  and 
reducing  them  to  their  firft  Elements ;  the 
Apothecary  hence  underftands  the  Reafon  of 
the  various  Compofitions  of  Simples  for 
the  making  his  Medicines ;  the  Ajlronomer 
hence  learns  the  Frame  and  Conftitution  of 
the  Heavens,  and  the  Magnitude,  Diftance, 
and  Phafes  of  all  the  heavenly  Bodies;  the 

Hujband - 
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Hujbandman  alfo  may  know,  from  the  Roles 
of  this  Science,  the  mod  advantageous  Me¬ 
thods  of  cultivating  and  manuring  his  Land  ; 
•the  Navigator ,  from  hence,  borrows  the 
Theory  of  his  Art;  and,  in  fhort,  there  is  no 
State,  Art,  or  Capacity,  in  Life,  which  does 
not  direddy,  or  indirectly,  receive  Advantage 
and  Benefit  therefrom. 


CHAP.  II. 


Physiology. 


A. 


O  W  many  are  the  Parts  of  this 
Science  of  natural  Phyfiology  ? 


B.  It  may  properly  be  divided  into  four  ge¬ 


neral  Parts. 

A.  Which  are  they? 

B.  Thefe  following,  viz. 


I.  Somatology,  which  treateth  of  the  com* 
mon  Nature,  Properties,  and  Qualities  of 
Matter ,  and  its  various  Combinations  in 
natural  Bodies. 

II.  Cofmology,  or  Uranology,  which  treats  of 
the  Nature,  Conftitution,  and  component 
Parts  of  the  Univerfie  in  general,  and  par¬ 
ticularly  of  our  folar  Syfiem . 

III.  Aerology ,  which  treats  of  the  Nature 
of  the  Atmofphere,  or  Region  oL  Air , 

and 
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and  all  the  Phenomena  thereto  belong¬ 
ing 

IV.  Geology ,  which  treats  of  the  Nature, 

Make,  Parts,  and  Productions  of  the  Globe 

of  Earth  on  which  we  live. 

A .  I  fuppofe  each  of  thofe  general  Parts  re¬ 
ceive  a  Subdivifion,  do  they  not? 

B.  Yes,  into  feveral  other  tranches. 

A .  What  are  the  Subdivisions  of  the  firft 
general  Part,  Somatology  ? 

B .  Somatology ,  as  it  confiders  the  common 
and  Special  Properties  of  natural  Bodies,  is  di¬ 
vided,  with  refpedt  to  them,  in  the  Manner  I 
fliall  by  and  by  name  to  you,  when  we  dif- 
courfe  of  that  Part. 

A .  What  are  the  particular  Branches  of  the 
Second  general  Part  ? 

B.  Cofmology ,  or  more  properly  Ur  analogy  9 
comprehends  the  following  Branches,  viz. 

1.  Heliograpby ,  which  treats  of  the  Sun . 

2.  Selenography ,  which  treats  of  the  Moon . 

3.  Planetography ,  which  treats  of  the  Pla¬ 
nets. 

4.  Cometography,  which  treats  of  the  Comets., 

5.  AJirography ,  which  treats  of  the  fixed 
Stars. 

*  The  Word  Phenomenon  being  of  mod:  frequent  Ufe,  it  is 
proper  the  Reader  Ihould  be  acquainted,  that  it  is  derived  from 
the  Greek  Verb  pAvu,  to  appear;  whence  Phenomenon  fignifies 
an  appearance,  and  plurally,  Phenomena,  the  Appearances  of 

Thifgs. 


A.  How 
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A .  Hew  is  the  third  Part  fubdivided  ? 

B.  Aerology  I  divide  as  follows,  viz .  into, 

1.  Aerographyy  which  treats  of  the  Atmo - 
fphere,  or  Body  of  Air . 

2.  Anemography,  which  treats  of  the  Winds . 

3.  Meteorography ,  which  treats  of  the 
Meteors. 

4.  Phantafmatography ,  which  treats  of  the 
celefial  Appearancesy  or  fuch  Phenomena,  as 

exift  only  in  Vifion,  and  not  corporally. 

A.  How  do  you  fubdivide  the  laft  general 

Part?  ^ 

B .  Geology  is  mo  ft  naturally  divided  into 
the  following  fubordinate  Branches,  viz. 

1.  Geography y  which  treats  of  the  Earth, 
or  Land . 

2.  Hydrography y  which  treats  of  Water. 

3.  Phytographyy  which  treats  of  Plants  and 
Vegetables . 

4.  Zoographyy  which  treats  of  Animals  of 

all  Kinds. 

And  thus  you  have  a  concife  View  of  the 
feveral  Parts  or  Subjects  of  our  enfuing  Col¬ 
loquies. 

A .  Sir,  nothing  will  fo  much  delight  me, 
as  Reflections  on  fuch  Topics  as  thefe;  I  al¬ 
ways  love  to  hear  People  talk  of  the  Wonders 
of  Nature,  and  being  now  direCtly  engaged  in 
a  Converfation  of  that  Kind,  my  Deflres  are 
excited  almoft  beyond  Expreffion. 


B.  V 11 
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B.  I’ll  do  my  Endeavour  to  fatisfy  you  if 
poffible,  and  am  very  glad  to  find  you  hunger 
and  thiffl  after  ufeful  Knowledge;  while  others 
vainly  fpend  their  precious  and  irrevocableTime 
In  idle  and  profane  Amusements,  you  have  the 
Happinefs  oi  Superior  Senfe  to  dictate  to  you 
the  more  noble.,  manlike,  and  virtuous  Me¬ 
thods  of  improving  your  Time ;  which  will 
yield  you  not  only  Abundance  of  Delight,  and 
rational  Pleafure,  but  at  the  fame  Time  make 
you  wife  and  happy:  To  this  End,  I  fhall 
communicate  to  you  whatever  I  have  found  in 
the  Writings  of  the  great  Sages  and  Virtuofos 
of  the  laft  and  prefent  improving  and  inquifi- 
tive  Age,  and  will  endeavour  to  make  all 
Things  plain  and  eafy,  as  I  go  along,  by  fa¬ 
miliar  Indances,  and  plain  demondrative  Fi¬ 
gures  and  Schemes. 

C  H  A  P.  III. 

*  \  i  A 

Of  Axioms  relating  to  Physics;  of 
the  Rules  of  Philosophizing. 

A*  R  E  there  not  fome  fundamental 
f\  Principles ,  or  Axioms ,  on  which 
this  Science  depends  ? 

B.  Yes*  mod  certainly;  the  chiefed  of 
which  I  fhall  here  lay  down. 

A .  What  do  you  make  the  fird  Axiom  ? 

Ba  Axiom  I.  Nothing  hath  no  Properties . 

A.  Pleafe 


> 
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A.  Pleafe  to  exemplify  this  Axiom . 

Br  I  will;  But  firft  underftand,  that  by  No - 
thing ,  is  meant  a  ftate  of  Non-Exijlence ,  or 
Not- Being;  and  therefore  to  fay  nothing  is 
hot,  is  cold,  hath  Parts,  is  great  or  fmall,  &cm 
would  be  abfurd. 

A .  What  is  the  fecond  Axiom  ? 

Bt,  Axiom  II.  Somewhat  doth  exijl . 

A .  That  is  fomewhat  merry,  I  believe 
No-body  will  deny  that  to  be  an  Axiom ,  in¬ 
deed. 

i?.  You  may  think  of  it  as  you  pleafe,  but 
I  allure  you  I  have  met  with  thofe  who  have 
had  recourfe  to  Logic ,  to  prove  their  own  Ex¬ 
igence*. 

A.  Pray,  let  me  know  your  third  Axiom * 

B.  Axiom  III.  ; There  is  no  Medium  between 
Something  and  Nothing ,  Exijl ence  and  Non - 
Exigence, 

A.  This  is  mod  certainly  true,  and  to  fup- 
pofe  the  contrary  were  abfurd ;  .pray,  let  me 
know  your  fourth  Axiom . 

B .  Axiom  IV.  That  which  doth  exijl , 

is  dependent  on  any  other  created  Being  for 
its  Ex  fence ,  V  properly  the  E fence  or  Subjlance 
of  the  Thing  exijling .  The  Truth  of  this, 
though  extremely  evident  to  thofe  who  have 
been  ufed  to  a  philofophical  Way  of  Thinking, 

*  Witnefs  the  trite  Etithjmem  of  the  Schools,  Ego  cogito ,  ergo 
Jum>  i.  e.  Ithink,  therefore,  lam,  or  do  exift.  The  Sceptics, 
it  is  well  known,  were  abfurd  enough  to  deny  the  Certainty 
of  any  Thing*  and,  confequently,  of  their  own  Exigence. 

will. 
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will,  perhaps,  appear  more  clear  to  you  farther 
on. 

A .  Let  me  hear  your  next  Axiom. 

B .  Axiom  V.  No  Subfiance ,  Ejj'ence ,  cot 
A?  produced  out  of  Nothing ;  or  it  is  impojjible 
Nothing  fijould  be  made  Something  *. 

P.  This  indeed  is  very  true;  far  if  Nothing 
could  be  made  Something,  it  would  then  have 
fome  Property,  which  is  contrary  to  your  firft 
Axiom ;  and  confequently  abfurd.  I  pray,  your 
iixth  Axiom. 

B.  Axiom  VI.  No  Matter ,  Subfiance ,  or 
E fence  of  any  Thing ,  /.r  capable  of  being  reduced 
to  mere  Nothing  9  or  annihilated . 

A .  True  like  wife;  for  if  Something  could 
be  converted  into  Nothing,  then  would  No¬ 
thing  have  a  Property,  contrary  to  Axiom  I. 
Alfo,  as  it  is  impoffible  for  a  Thing  to  be,  and 
not  to  be,  in  the  fame  Moment;  therefore, 
between  the  Time  of  its  Being  and  Not-being, 
there  moil  be  fome  intermediate  State  of  Ex¬ 
igence  ?  contrary  to  Axiom  III.  Pleafe  to  re¬ 
late  your  next  Axiom . 

AxiomVll.  Every  EffeSi hath fome Caufe9 
pre-exifient  to  it f elf  \ 

A .  That  I,  and  every  Body  elfe,  muft  believe, 
or  be  abfurd  Pray  deliver  your  next  Axiom . 

B.  Axiom 


#  This  is  the  famous  Axiom  of  the  Philofophers,  Ex  nihilo 
nihil  gignitur  ;  and  is  fo  evident  a  Truth  (as  well  as  the  follow¬ 
ing  Axiom)  that  I  wonder  how  any  Perfon  can  think  it  unlit 
to  be  believed,  or  inferted  here,  which  is  a  proper  Place  for  it ; 
fince  Icannotfee  that  it  contains  any  Thing  unreafonable  or  irre¬ 
ligious,  if  it  be  granted  that  God  cannot  perform  Impoffibilities. 
f  For  to  fay,  that  any  one  Thing  is  the  Caufe  of  itfelf,  is  to 

fay 
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B.  Axiom  VIII.  If  we  ourf elves  are  not  the 
Caufe  of  any  Effedl,  then  that  Eff'edi  muft  de- 
pend  on,  and  refult from,  fome  other  Caufe . 

A .  This  is  a  plain  Confequence  of  the  fore¬ 
going;  your  next  Axiom,  if  youpleafe. 

B.  Axiom  IX.  All  Things,  as  far  as  in  them 
is,  continue  m  the  fame  State  in  which  they  be¬ 
gan  their  Being. 

A .  I  believe  I  take  you  right ;  you  mean 
what  was  at  firft  made  Straight,  Crooked, 
Square,  Round,  &c,  would  of  themfelves  al¬ 
ways  perfeverein  that  State,  and  of  their  own 
Accord  would  never  affume  any  other  Figure. 

B.  Very  good;  that  is  the  full  Meaning  of 
the  Axiom . 

A .  Pray  let  me  hear  your  next. 

B -  Axiom  X.  Every  Change  is  produced  from 
fome  external  Caufe . 

A .  Mod:  certainly;  for  fuppofe  I  fee  a 
Flower  in  full  Bloom  lie  withered  on  the 
Ground,  I  prefently  conclude  fome  external 
Caufe  hath  made  that  Change  in  the  Flower; 
which  elfe  would  have  continued  vivid  and 
frefh. 

B .  That  is  the  Cafe.  I  have  one  Axiom 
more  to  propofe,  and  that  is, 

Axiom  XL  That  every  Change  made  in  any 
Body,  is  always  preport  wimble  to  the  Powers  of 
the  Caufe  producing  it.  Thus  the  Motion  of  a 
Body  is  always  in  Proportion  to  the  Greainefs 

fay  that  it  exifted  before  it  did  exift ,  which  is  abfurd  ;  or  elfe 
that  its  Exigence  was  necejfary ,  which  can  only  be  faid  of  the 
Deity. 


i 
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of the  Power ,  or  Stroke ,  that  put  it  Jirjt  into 
Mbti'oni 

A . <  And  are  there  no  other  Maxims  of  this 
Science,  that  are  oeceffary  to  be  difcourfed  of 
before  we  go  farther  ? 

B .  Thole  already  related  are  fu-fficie nt  for 
this  PI  ace  3  but  as  this  Science  depends  on 
certain  Principles,  fo  it  is  likewife  to  be  con- 
d titled  by  certain  dated  Rules. 

A .  I  doubt  not  but  this  Part  of  Knowledge, 
which  (according  to  the  Notion  I  have  of  it) 
is  very  abftrufe  and  difficult  'in  many  Parts, 
xnuft  require  proper  Rules  and  Precepts  for  a 
due  Improvement,  as  well  as  moft  other  Arts* 
Pray,  Sir9  then,  what  and  how  many  are  the 
Rules  of  Philofophizing  ? 

’  JBVThey  are  in  Number  few,  and  are 
as  follow,  viz. 

Rule  I.  We  mud  take  Care  to  admit  no 
more  Caufes  of  natural  Things  than  what  are 
true,  and  fuffi-cient  to  explain  their  Pheno¬ 
mena* 

Rule  II.  We  muft  obferve  -always  to  affign 
the  fame  Caufes  for  the  fame  natural  Effects. 

Rule  III..  Thofe  Qualities  which  cannot  be 
increafed  or  diminifhed,  and  agree  to  all  Bo¬ 
dies  in  which  Experiments  can  be  made,  muft 
be  adjudged  the  Properties  of  all  Bodies  in  ge¬ 
neral*  ..  , 

Rule  IV.  Propoftions  and  Conclufions, 
deduced  from  adtual  Experiments,  muft  be 
efteemed  true  and  accurate,  notwithftanding 

any 
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any  Hypothefes ,  or  received  Suppqfitions ,  to  the 
contrary ;  and  m u ft  be  infilled  on,  till  fome 
other  Phenomena  either  render  them  more  ac¬ 
curate,  or  liable  to  Exception. 

A.  What  is  the  Reafon  of  the  fird  Rule  ? 

B.  It  is  founded  on  this  Principle :  Nature 

doth  nothing  in  vain ;  but  it  is  in  vain  to  do 
that  by  many  Means,  which  may  be  done  by 
iewer  Now  Nature  is  Ample,  and  never  lux¬ 
uriates  in  fuperfluous  Caufes  of  Thino-s.  There¬ 
fore,  &c.  '  * 

A.  That  is  exceedinggood,  indeed.  Pray  il« 
ludrate  the  fecond  Rule .  ' 

1  fecond  Rule ,  we  are  to  afiNn 

the  lame  Caufes  of  Refpiration  in  Beads,  *a$ 
in  Men;  of  Heat  in  Water,  as  in  Fire;  of 
Lignt  in  Fire,  as  in  the  Sun ;  and  of  the  Re- 

fiedion  of  Light  in  the  Planets,  as  in  the 
Earth,  &c.  '  • 

A.  Pray  give  the  Reafons  of  the  third  Rule. 
t  ^ Qualities  and  Properties  are  not 
known  to  us  but  by  Experiments;  and  there¬ 
fore  whatever  we  find  to  anfwer  by  all  Experi¬ 
ments  we  can  try,  mull  be  allowed  an  univerfal 
I  roperty  of  all  Bodies ;  on  thole  on  whom  we 
cannot,  as  well  as  of  thofe  on  whom  we  can, 
make  Experiments :  Nature  being  always  con- 
ientaneous  and  analogous  to  itfelf. 

A.  Indeed  the  Reafon  of  the  lad  Rule  is 
fo  obvious,  that,  I  think,  none  can  doubt 
Jtj  no  Perfon  being  fo  perverfe  and  pre- 
pouerous,  as  to  affirm  there  is  more  Reafon. 

B 


in 
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in  a  bare  HypotheJis9  than  in  Facts  of  Experi¬ 
ments 

B.  Yet,  it  is  ftrange,  you’ll  fay,  that,  by  this 
very  Rule ,  the  Syftem  of  the  Cartefian  Philo - 
fhphy  mull  fall ;  that  Burnet’s  Theory  of  the 
World  and  Deluge  inuft  be  valued  at  no 
greater  Eft  imation,  than  an  ingen  ions  Romance: 
And  thus  mu  ft  Mr.  Whijlon’s ,  and  all  other 
World-mongers  Syftems  and  Theories,  difiolve 
into  a  philofophical  Nothing,  which  want  ac¬ 
tual  and  repeated  Experiments  to  fupport 
them  *f\ 

*  Thefe  Rules,  with  the  Reafons  of  them,  are  taken  from 
Sir  Ifaac  Newton s  Principia . 

f  ——  Monjieur  des  Cartes ,  the  great  Mafter  and  Deliverer  of 
the  Philofophers  from  the 'Tyranny  of  Ariftotle ,  is  to  be  blamed 
for  all  this,  for  he  has  encouraged  fo  very  much  the  prefump- 
tuous  Pride  of  Philofophers,  that  they  think  they  underftand  all 
the  Works  of  Nature,  and  are  able  to  give  a  good  Account  of 
them  ;  whereas  neither  He,  nor  any  of  his  Followers,  have  giv¬ 
en  us  a  right  Explication  of  any  one  Thing. — His  great  Fault 
was,  that  he  made  no  Ufe  at  all  of  Geometry  in  Philofophy, 
Ke ill’s  Introduction  to  his  Examination  of  Dr.  Burnet’s  Theory 
of  the  Earth ,  Page  11,  12,  iij. 

Concerning  Dr.  Burned sTheory,  the  fame  learned  Gentleman 
obferves,  that — — -His  rhetorical  Expreliions  may  eafily  capti¬ 
vate  an  incautious  Reader,  and  make  him  fwallow  down  for 
Truth,  what  I  am  apt  to  think  the  Author— — defigned  only 

for  a  philofophical  Romance. - V- My  Delign  therefore  is  to 

chufe  out  fome  of  the  principal  Heads  of  the  1  heory,  and  hav¬ 
ing  fhewn  them  to  b t  falfe  and  dif agreeable  to  the  Laws  of  Me- 
chanifm ,  the  reft  miift  all  fall  to  the  Ground  of  courfe.  Ibid . 
Page  26,  27. 

As  for  Mr.  Whtftoti  s  Theory,  he  fays — — I  believe  it  will  be 
evident,  by  the  following  Coniiderations,  thata Comet  could  ne¬ 
ver  have  produced  thofe  various  Efreds  which  Mr.  Whifton  has 
attributed  to  it ;  and  it  will  alfo  farther  appear  that  the  Deluge 
was  the  immediate  Work  of  the  Divine  Power,  and  that  no  fe~ 
condary  Caufes,  without  £he  Interpolation  of  Omnipotence, 
could  have  brought  fuch  an  Effed  to  pals.  Remarks  on  Mr. 
Whifioii s  Theory  of  the  Earth . 


CHAP. 
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CHAP.  IV. 

Of  Hypothecs,  of  Experiments ,  of  va¬ 
rious  Inftruments  for  that  Purpcfe 
and  their  Ufes.  - 


R  si.  any  Kinds  of  Hypothejis  to  be 


Subjects  ? 

B.  The  Philofophers  of  the  prefent  Ao-e 
hold  them  in  vile  Edeem,  and  will  hardly  ad¬ 
mit  the  Name  in  their  Writings ,  they  think 
that  which  depends  on  bare  Hypothefis  and 
Conjecture,  unworthy  the  Name  of  Philofo- 
P  y,  -nd  theiefore  have  framed  new  and 

more  efteftual  Methods  for  philolophical  En¬ 
quiries. 

A.  And  mud  therefore  a  Philofopher  in  no 
wile  have  Recourfe  to  Suppofitions  ?  May  he 
not  be  admitted  to  fay,  he  fuppofeth  a  Thing 
may  e  fo  or  10  ?  Or  mud  he  immediately  ai- 
hgn  an  experimented  Caufe,  or  elfe  diredly 
confefs  his  Ignorance  ?  What  areyour  Thoughts 
in  this  Matter  P 

B.  Why  I  mud  confefs,  to  difcard  al!  Hy- 
potheiis  from  Phyfics,  is  to  reduce  it  within 
very  narrow  Limits ;  and  in  Truth,  I  think, 
it  is  taking  from  one  Extreme  to  Another ;  I 
am  perfuaded  that  Hypothefis  duly  qualified. 


i  not  abfolutely  necelfary,  yet  may  be  very 


fubfervien  t 
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fubfervient  to  natural  Philofophy ;  and  I  know 
not  what  Kind  of  Philofophers  we  (hall  have 
in  fucceeding  Ages,  if  they  will  receive  no 
fyftem  of  Philofophy,  but  what  is  wholly 
founded  on  mathematical  Experiments  and  De¬ 
mon  Prat  ions 

A.  What  Kind  of  Hypothefis,  and  how 
qualified,  do  you  allow  may  be  ufed  in  Philo - 

fophy  ? 

B.  They  mu  ft  have  moft  or  all  of  the  fol¬ 
lowing  Qualifications. 

1.  They  mu  ft  be  agreeable  to  juft  Re  a  fen- 
ing. 

2.  They  mu  ft  be  necefiary  for  Want  of 
Experience. 

3.  They  muft  be  confentaneous  to  Expe¬ 
rience. 

4.  They  muft  be  fufficient  to  fatisfy  the 

Phenomena* 

5.  They  mull:  be  naturally  adapted  to  the 

Cafe. 

6.  They  muft  be  poftible  on  every  Account. 

7.  They  muft  be  probable  in  their  own 
Nature. 

8.  They  muft  be  free  from  all  Sufpicion  of 
Prejudice,  AfFedion,  or  Prepoffeffion,  in  their 
Author. 

*  When  tlie  Reafon  or  Caufe  of  Things  does  not  appear,  it  is 
much  more  ingenuous  to  acknowledge  our  Ignorance,  than  to 
advance  abfurd  and  extravagant  Hypothefis,  or,  Which  is  much 
vvorfe,  to  have  Recourfe  to  occult  (or  hidden)  Caufes  and 
titles,  the  infamous  Refuge  of  a  vain  and  ignorant  Race  of 
Philofophers. 

■4- 
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Of  Hypothefs ,  Experiments ,  &c.  21 

A .  I  believe,  *SVr,  few  will  deny  you  the 
Ufe  of  Hypothefis  thus  circumftanced  and 
qualified  :  But  pray,  what  Kinds  of  Demon- 
ilrations  are  thofe  by  Experiments,  which  you 
intimate  they  rely  fo  much  upon  ? 

B.  The  very  beft  all  Nature  can  produce  ; 
they  far  exceed  the  keeneft  Glance  of  the  Eye 
of  Reafon,  and  nothing  but  Divine  Revelation 
can  inform  us  more  truly  of  the  intimate  Na¬ 
ture  of  Things. 

A.  Very  wonderful  indeed  !  Happy  the 
Age  in  which  this  Art  received  Improvements 
from  fuch  extraordinary  Inventions.  Pray, 
who  were  the  fir  ft  Authors  of  improving  Phi¬ 
lo  fop  hy  by  Experiments  ? 

B.  Their  Names  are  recorded  in  the  Book 
of  Fame;  have  you  not  feen  therein  the  glar¬ 
ing  Characters  of  Bacon ,  Boyle,  Sir  Ifaac 
Newton ,  Woodward,  Dr.  Halley,  Ray ,  Her  ham , 
and  feveral  other  exalted  PhiloJ'opbers  ?  Some 
of  whom  are  now  living ;  and  others  fubfift  in 
marble  Monuments  to  gratify  the  Curiofity  of, 
and  be  admired  by,  all  Pofterity. 

A .  Yes,  I  have  heard  of  thofe  great  Names 
you  mention  ;  but  not  being  very  converfant 
in  the  learned  World,  know  but  little  about 
them  ;  yet  take  an  exceffive  Pleafure  in  hear¬ 
ing  Relations  of  them,  and  the  wonderful 
Things  they  have  difcovered. 

B.  I  am  glad  to  find  in  you  fuch  a  Difpofi- 
'tion,  and  queftion  not  but  you  will  be  highly 
gratified  with  the  Series  and  Sequel  of  our 
Difcourfe. 
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A,  I  believe  I  fhall  5  but  to  the  Point :  In 
what  Manner,  I  pray  you,  are  thofe  Experi- 
rnents  performed  ?  for,  as  you  have  feen  the 
Manner  thereof,  you  can  well  inform  me. 

B.  They  who  have  reduced  experimental 
Philofophy  to  Method,  and  make  it  their  Bu~ 
finds  to  teach  it  others,  prepare  a  large  Ap¬ 
paratus  of  Inftruments  of  ail  Kinds,  to  the 
Value  of  five  or  fix  hundred  Pounds ;  and  at 
ftated  Times,  in  a  very  large  Room,  there  is 
an'  Operator  appointed  to  perform  a  Courfe  of 
Experiments  therewith,  in  all  the  various  Parts 
of  natural  Philofophy,  in  the  open  View  of 
all  who  are  prefent  to  fee  and  learn  the  Manner 
thereof. 

A,  Cannot  you  give  me  feme  particular  Ac¬ 
count  of  thole  Inftruments,  and  the  Manner 
of  uling  them  ? 

B.  It  is  the  Subject  of  a  large  Volume  to 
deferibe  them  with  their  Ufes  in  particular  : 
However,  of  fuch  as  are  moft  common,  to  be 
had  in  the  eafieft  Manner,  and  which  you 
yourfelf  may  underftand,  and  ufe  if  you 
pleafe,  you  may  take  the  following  Account. 

The  cTelefcope  is  an  optic  Inftrument,  where¬ 
with  to  view  diftant  Qhjecfts,  which  it  greatly 
eniargeth,  and  makes  them  feem  near  us ;  by 
which  Means  the  Aftronomers  and  Philofophers 
ha  ve  made  wonderful  Bifcoverkjs  in  the  Sun, 
Moon,  and  Planets*. 

The 

( 

*  The  Word  Telefcope  Is  derived  from  rsAsa,  to  perfect,  and 
to  view as  being  an  Inftrument  that  perfects  our  View 

or 


Various  Injlruments  defer ibed.  2  3 

The  Microfcope  is  contrived  to  augments nd 
render  vifible  very  minute  and  jfmall  Objects, 
which  otherwife  efcape  the  Sight 

The  Heliofcope  is  a  Sort  of  ' Telefcope ,  fitted 
fo,  as  to  look  on  the  Body  of  the  Sun  with¬ 
out  Offence  to  the  Eyes  *j-. 

The  Barometer ,  or  Barofcope ,  is  contrived 
to  eftimate  the  fmall  Variations  of  the  Weight 
or  Preflure  of  the  Air  J. 

The 


or  Sight  of  didant  Objeds,  to  the  greated  Degree  poffible.  Te- 
iefcopes  are  of  two  Sorts ;  Dioptrical,  which  perform  all  by  Re¬ 
fraction  ;  and  Cat  a- dioptrical,  which  perform  by  Reflection  and 
Refraction  jointly.  Since  the  Surfaces  of  Bodies  are  increafed 
in  Proportion  to  the  Squares  of  the  Diameters  or  like  Sides,  the 
Light  falling  on  them  will  be  diminifhed  in  that  Proportion; 
and  confequently  the  more  an  Object  is  magnified,  the  more 
obfeure  alfo  it  appears :  Thus  if  one  Glafs  magnifies  the  Breadth 
or  Length  of  an  Object  ten  times  more  than  another,  it  will 
appear  indeed  an  ioo  times  bigger,  but  withal  an  ioo  times  lefs 
bright  than  in  the  other.  Therefore  the  more  a  Telefcope  ex* 
ceeds  the  Length  of  five  or  fix  Feet,  the  worfe  it  is  for  viewing 
Terreftrial Bodies  ;  but  for  Celeflial ones,  the  greated  Magnifier 
js  the  belt,  becaufe  their  Light  cannot  be  leffened  to  any  Dif- 
advantage,  it  being  fo  very  great. 

*  Microfcope  is  compounded  of  (xinfbc,  fmall,  and  cxottL,  to 
view ;  becaufe  by  it  fmall  Objecls  are  apparently  magnified 
to  the  Sight.  In  this,  alfo,  the  larger  the  Objed  is  made  to 
appear,  the  more  obfeure  it  will  be ;  and  therefore  in  large 
Magnifiers,  it  is  neceflary  to  illumine  the  Objed  very  flrongly 
with  the  Light  of  the  Sun  or  Candle,  by  means  of  a  Lens,  or 
refleding  Mirrour. 

f  Heliofcope ,  from  the  Sun,  and  <jhots(»,  to  view;  it  is 

bed  made  by  fmoking  a  Piece  of  Glafs  with  a  Candle,  and 
putting  it  before  the  Eye-Glafs  of  a  Telefcope  next  the  Eye  ; 
for  then  the  Sun  may  be  viewed  in  his  Meridian  Splendour 
without  the  lead  Offence. 

X  Barometer  is  fo  called  of  (Scope 9  Weight,  and  per  p  tut,  to 
meafure  ;  becaufe  it  tneafures  the  HeaajineJs  or  Weight  of  the  A  t- 
mofphere.  The  common  Barometer;  called  the  7  orricellianTu.be, 
from  its  Inventor  Torricellim  an  Italian)  is  a  Glafs  Tube  of 
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1  he  Anemojcope  is  an  In  ft  r  ament  invented 
to  forefhew  the  Change  of  the  Air  or  Wind  *. 

The  Molipyle  is  contrived  to  fhew  the  Na¬ 
ture  and  Force  of  pent-up  Air,  rarefied  and 
breaking  forth,  refembling  a  Tempeflf,  &c. 

about  three  Feet  in  Length,  and  orT%  of  anlnch  Bore,  herme¬ 
tically  fealed  at  one  End,  and  at  the  other  it  is  filled  quite  full 
of  Quickfilver ;  and  thus  immerfed  in  a  final!  VefTel  of  Quick- 
filver,  that  in  the  lube  will  fink  down,  or  run  out  into  the 
Veflel  till  it  remains  in  the  Tube  between  28  and  31  Inches 
pei  pendicular  Height ;  and  this  Column  of  Mercury  in  the  Tube 
is  equal  in  Weight  to  a  Column  of  Air  of  the  fame  Bafe,  and  of 
the  Height  of  the  Atmofphere,  and  confequently  is  fufpended 
by  it;  which  therefore,  by  its  rifing  higher  or  fallino-  lower 
fnews  the  proportionally  greater  or  lefTer  Weight  or  Preffure  of 
the  Atmofphere,  Now  fince  the  Difference  of  the  lead  and 
greateft  perpendicular  Height  is  in  this  Tube  but  about  three 
Inches,  theieiore  divers  Contrivances  have  been  made  to  render 
this  Motion  of  greater  Length  in  fome  other  Dire&ion,  that 
thereby  the  Variation  of  the  Air’s  Weight  might  be  rendered 
inoie  fenfible,  or  more  exactly  meafured  :  Hence  arofe  divers 
Kinds  of  this  Inftrument,  as  the  Diagonal,  the  Wheel ,  the  Ma¬ 
chine,  in  Barometers ;  for  a  large  Account  of  which,  fee  Har- 

rts’s  Lexicon ,  or  Rowning’ s  Differtation  on  the  Barometer. 

*  Anemojcope,  from  the  Wind,  an  draw,  to  view- 

becaufe  by  it  we  fee  what  Point  or  Part  of  the  Horizon  the 
Wind  is  upon^at  any  lime.  A  very  good  Anemofcope  may  be 
made  on  the  Top  of  the  Houfe  (affected  dire&ly  by  the  Wind 
on  all  Sides)  by  means  of  an  Iron  Rod  {landing  a  confiderable 
Height  m  the  Air,  with  a  Vane  fixed  on  the  Top  to  render  it 
verlaule  ;  the  lower  End  of  which  defending,  the  Covering 
fhall  have  a  large  Index  or  Hand,  turning  upon  the  Cieling  of 
tne  Room,  in  the  Center  of  the  Compafs  duly  defcribed  thereon  ; 
tor  then  t he  Index  will  always  ihew  the  Point  to  and  from 
which  the  Wind  blows. 

f  uEolipyle  (from  A&tv  jtc&ww,  the  Gates  o S  JEolus,  the  God 

f  tWWl,ndsVS  a  fma11  .hoIlow  Globe  Brafs,  Cfr.  with  a 
, a  anb  Hole,  winch  being  heated  red  hot,  and  thrown 

into  a  Veil'd  of  Water,  the  Water  will  ruihinto  the  Cavity  al¬ 
most  void  of  Air,  and  fill  it;  the  Ball  then  fet  on  the  Firs 
again,_  the  Water  will  he  forced  out,  In  vaporous  Streams,  with 
great  Noife  and  Violence,  and  by  Fits,  by  the  Rarefaction  and 
Spring  of  the  internal  heated  Air. 

■  The 
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Various  Injiruments  defer ibed.  25 

The  Areometer  is  an  Inftr ament  to  meafure 
the  fpecific  Gravity  of  Liquids 

The  Hygrofcope  is  an  Inftr'ument  to  (hew 
the  Moifture  and  Drynefs  of  the  Air  *j% 

The  'Thermometer  meafureth  the  Degrees  of 
Heat  and  Cold  in  the  Air+. 

■  -  The 


*  Areometer ,  I  fuppofe,  is  from  fyettos,  rare,  and  Alfa  to  mea¬ 
fure  ;  tho’  it  meafures  not  the  Rarity ,  but  Gravity  of  Liquids, 
The  common  Areometer ,  or  Water-Poife,  is  made  of  thin  Glafs, 
of  the  Form  reprefented  in  Plate  I.  Fig.  1 .  fronting/.  25,  which 
being  hollow,  receives  fo much  Mercury  as  will  keepitfwimming 
in  an  ereCt  Polition  ;  then  the  Stem  being  nicely  graduated,  the 
Surface  of  the  Liquids,  into  which  it  is  immerfed,  will  cut  oft' 
more  or  fewer  Degrees  ;  that  is,  the  Ball  will  fink  more  or  lefs, 
as  the  Liquids  are  feverally  of  a  lefter  or  greater  Gravity.  A  new 
Areometer  is  deferibed  in  Philof.  Tranf.  N°  262,  which  fee. 

t  Hygrofcope  (derived  of  moift,  and  rntmeia  to  view) 
is  an  ufeful  Inftrument  to  be  made  feveral  Ways.  The  eafieft 
and  beft  of  all  is  that  made  with  a  String  of  Whipcord  faftened 
to  a  Hook  in  the  Cieling,  and  at  the  lower  End  of  which  is 
fixed  a  Weight  of  about  half  a  Pound,  with  an  Index  at  the  Bot¬ 
tom  thereof  a  Foot  long  ;  and  under  it  a  Table,  GV.  with  a 
large  Circle  divided  into  an  100  equal  Parts  or  Degrees,  fo  fit¬ 
ted  that  the  Centre  of  the  Index  hangs  juft  over  the  Centre  of 
the  Circle.  For  this,  after  the  String  has  been  duly  ftretched, 
nicely  (hews,  by  its  Twilling  and  Contraction,  theMoiJiure ,  and 
by  untwifting  and  lengthening,  the  Drynefs  of  the  Air,  in  the 
Motion  of  the  Index  this  Way  and  that  over  the  fmall  Divifions 
of  the  Circle.  See  feveral  other  Kinds  in  Harris’s  Lex .  T ech . 
under  the  Word  Hygrofcope. 

X  Thermometer  comes  from  Warmth,  and  /vt/srpsT,  to 

meafure  ;  the  common  Sort  is  the  beft,  which  is  generally  added 
to  the  Barometer.  It  confifts  of  a  Glafs  Tu.be  filled  with  Spirit 
cl  Wine  of  a  red  TinCture  ;  in  making  it,  the  Tube  is  heated 
very  much  in  the  Flame  of  a  Candle,  which  caufes  a  Vacuum 
in  iome  Degree  therein  ;  then  immediately  the  open  End  is 
dipt  into  the  faid  Spirit  in  a  Vefiel,  which,  by  the  Prefiure  of 
the  Air,  is  made  to  afeend  therein,  till  the  Ball  and  Tube-part 
be  filled  to  a  neceffary  Height.  Then  having  a  Piece  of  Paper, 
Gc.  graduated  from  a  certain  Point  on  each  Side,  to  100  De¬ 
grees,  put  the  Ball  into  Water  juft  beginning  to  freeze,  and 
place  the  Surface  of  the  Spirit  in  the  Tube  at  that  Time  againft 
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The  Hydro/} at is  an  exceeding  ex- 
aft  line  Pair  of  Scales  for  making  Experiments, 
relating  to  the  Gravity  of  Fluids 

Dioptric  Inftruments  of  various  Sorts  ex- 

A 

plain  the  Nature  of  refracted  Rays  of  Light 
through  various  Mediums  *fo 

Catoptric  Inftruments  are  alfo  manifold, 
which  (hew  the  Nature  of  refiefled  Rays  of 
Light  $. 

The  Pneumatic  Engine,  called  the  Air- 
Pump ,  is  the  mod  universal  of  all  others ;  it  is 
the  very  Rafis  of  the  Philo fophy  of  the  Air, 
and  hath  opened  a  greater  Door  to  the  Secrets 
of  Nature,  than  any  Thing  that  was  ever  in¬ 
vented  befides  jj. 

The 

the  (o)*in  a  graduated  Line,  and  the  Thermometer  is  aajufted 
for  Ufe.  This  is  an  Inftrumentof  admirable  Ufe  in  the  Hands 
of  a  fldlfui  Perfon,  in  difcovering  the  Degrees  of  Heat  and  Cold 
in  Air,  Animal  and  Vegetable  Bodies,  Liquids,  Hot-beds,  CSV. 
See  a  farther  Account  hereof  in  Dr.  Hook’s  Micrograph . 

*  Uydroftatic  is  from  u£a>p.  Water,  and  ■qcCuq,  the  Art  of 
Weighing.  The  Inftrument  I  make  ufe  of  for  finding  the  fpe- 
cific  Gravity  of  Solids  and  Fluids  is  different  from,  and  much 
better  than,  the  common  Hydroftatic  Balance,  as  I  fhall  ihew 
when  I  am  arrived  at  that  Part  of  Philofophy. 

f  Dioptric  (of  diodlofiai,  to  fee  thro1  any  Thing)  is  a  Term  ap¬ 
plied  to  all  Optic  Inftruments  which  coni! ft  of  Lenfes,  one  or 
more  ;  as  Telefcopes ,  Micrcfcopes ,  Magic  Lant  horns,  and  Camera 
O  if  cur  a ,  &c.  becaufe  by  them  vie  fee  Objects  thro ’  the  Medium  of 
Glafs,  i.  e.  by  Rays  refracted  through  the  Lenfes. 

X  Catoptric  (ndvoflpor,  a  Mjrrour)  is  a  Term  applied  to  all 
Rinds  of  Glafs,  &c.  Mirrours,  whether  plane,  convex,  concave , 
circular ,  cylindrical ,  &c.  becaufe  by  them  we  fee  Objects  by 
Rays  of  Light  reflected  from  their  Surface,  which  is  called  Re¬ 
flex  Vifion. 

jj  Pneumatic  is  from  Spirit,  Air,  Wind  ;  becaufe  the 

Air-Pump  exhaufts  the  Air  oat  of  Bodies,  placed  in  a  proper 
Veffel,  called  a  Receiver. 

A  Dp- 
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The  Orrery ,  which  fhews  the  Movements 
of  ail  the  Heavenly  Bodies  in  the  Solar  Syftem 
about  the  Sun  (by  a  noble  Piece  of  Mecha- 
nifm)  all  the  Phenomena  whereof  are  nicelv 
correfponding  to  the  Truth 

A  Defcription  of  this  mo  ft  fuprizing  and  ufeful  Engine,  ac¬ 
cording  toMr.//^wi/^’sImprovements  thereof,  take  as  follows. 

The  whole  Structure  of  the  Air-Pump*  in  which  a,  a  are 
two  ftiong  hollow  Barrels,  or  Tubes  of  Brafs,  in  which  two 
Emboli ,  or  Suckers,  are  moved  up  and  down  by  their  Racks 
<■ ,  c,  in  whofe  Notches  a  Cog-wheel  falls,  which  moves  upon 
the  Axis  /,  when  the  Winch  b  is  turned  ;  g,  g  are  two  Pillars 
of  Wood  fixed  on  the  Frame  at  Bottom,  and  having  Screws  at 
Top  on  which  the  Nuts  e ,  e  do  run,  and  prefs  down  the 
Piece/,  f  upon  the  Tops  of  the  Barrels,  to  fix  them  at  Top 
and  Bottom  ;  h,  h  is  a  Swan  necked  hollow  Brafs-Pipe,  which 
communicates  with  an  hollow  Brafs  Piece  n  above,  and  an¬ 
other  in  the  Box  dt  d  below ;  the  Piece  n  alfo  opens  into  the 
Cavity  of  the  Receiver  o,  o ,  by  a  fmall  Hole  in  the  Top  Plate 
z,  on  which  it  is  placed  :  Alfo  the  Pipe  in  the  Box  d,  d 
communicates  at  each  End  by  a  fmall  Tube  with  the  Barrels 
g,  g ;  and  thus  there  is  a  Communication  between  the  Bar¬ 
rels  and  the  Receiver  o,  o,  by  which  Means,  the  Air  in  the 
latter  is  exhaufted  by  the  tuckers  of  the  former.  Moreover,' 
/,  /  is  a  Gage,  being  a  Barometer  with  its  Bafon  of  Mercu¬ 
ry  in,  and  its  boxen  Index  graduated  into  Inches  and  (above 
28)  the  Tenths  of  an  Inch  ;  this  Index  is  fet  on  a  Piece  of 
Cork  which  floats  on  the  Surface  of  the  Mercury,  that  it  may 
rile  and  fall  with  it,  and  fo  exactly  meafure  the  Height  of  the 
Mercury  in  the  Tube  above  the  Surface  of  that  in  the  Bafon. 
f  or  this  Barometer  is  open  at  Top,  and  communicates  with 
the  Receiver,  fo  that  the  greater  or  lefter  Quantity  of  Air 
therein  is  ihewn  by  the  lefter  or  greater  Height  of  Mercury 
in  the  i  ube.  In  the  Pipe  n  is  a  Stop-cock,  that  alfo  commu¬ 
nicates  with  the  Receiver,  and  either  excludes  or  re-admits  the 
Air,  as  Occafion  requires.  On  the  Brafs  Plates  k ,  at  the  Top  of 
the  Frame,  are  placed  wet  Leathers  to  fet  the  Receiver  upon, 
which  effectually  exclude  all  the  external  Air,  while  the  internal 
is  exhaufting  by  the  Operator.  And  this  is  the  Conftrudliori 
of  the  Air-P ump  in  common  XJ fe.  All  which  is  exemplified  by 
the  Lopper-i  late  II.  reprefenting  an  Air-P umpy  and  fronting 
this  Pao-e. 

t  O  * 

*  See  the  Figure  of  the  Orrery  pubiiftied  by  Mr.  Phamas 
fie  at  h.  I 

A,  Sure 
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A.  Sure,  wonderfully  curious  and  delightful 
in  oft  it  then  be,  to  fee  all  thofe  extraordinary 
Things  performed  by  fuch  nice  Inftruments  l 
Alas !  how  great  is  the  Ignorance  of  the  Ge¬ 
nerality  of  Mankind  !  what  wretched,  unwor¬ 
thy,  and  uncouth  Notions  have  we  conceived 
of  the  World  and  Things  therein  !  We  think 
ourfelves  learned,  if  we  know  how  to  find  out 
a  Word  in  Bailey  §  Dictionary,  little  dream¬ 
ing  fo  much  Pains,  Expence,  and  Time,  ne~ 
cefiary  to  acquire  but  a  partial  Knowledge, 
and  to  be  efteemed  but  moderatelv  learned  ! 

i  J 

B\  Well,  but  don’t  be  difcouraged  ;  the 
Knowledge  of  thefe  Things  will  be  much 
eaiier  and  cheaper  to  us,  than  they  were  to  our 
Forefathers;  what  coft  them  Pounds,  we  may 

a* 

have  for  fo  many  Pence ;  what  coft  them 
Years  of  Study,  Fatigue,  and  Difquietude,  we 
may  acquire  with  Eafe  and  Pleafure  in  a  few 
Days  or  Months ;  what  they  rejoiced  to  come 
at  by  Piece^ meals,  and  in  an  imperfect  Man¬ 
ner,  we  have  prefented,  as  in  one  entire  me¬ 
thodical  View.  Wherefore,  if  we  are  igno¬ 
rant,  it  is  becaufe  we  are  idle  and  indolent  in¬ 
deed  :  If  we  live  fatisfied  only  with  the  vulgar 
erroneous  Notions  of  fallacious  Senfe,  and  en¬ 
deavour  not  to  redtify  them  by  the  Precepts 
of  refined  and  learned  Reafon,and  the  Methods 
put  into  our  Power ;  in  vain  then  hath  God 
given  us  Ability  to  be  wifer  than  the  Fowls  of 
Heaven,  and  to  have  more  Underfunding  than 
the  Beajls  which  per  if . 
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C  II  A  P.  I. 

Somatology,  treating  of  the  common 
Nature  and  Properties  of  all  na¬ 
tural  Bodies. 

A.  T  Y  TH  A  T  do  you  call  Somatology  ? 

VV  B.  That  Part  of  P hyjio logy  which 
treateth  of  Matter  or  Subitance  in  general, 
with  the  Nature  and  infeparable  Properties  of 
all  Bodies  confifting  thereof. 

A.  What  is  implied  in  the  Original  of  the 
Word  Somatology  ? 

B.  The  very  fame  Thing;  for  it  is  com¬ 
peted  of  the  two  Greek  Words,  aofctlct,  Bo¬ 
dies,  and  A oyo<9  a  Difcourfe ;  i.  e.  a  Difcourfe 
of  natural  Bodies . 

A.  What  do  you  mean  by  Matter  ? 

B .  The  Subfance,  or  E fence,  of  which  all 
Things  in  the  Univerfe  confift. 

A .  is  there  any  Difference  between  what 
you  call  Matter  and  Body  ? 

B.  No ;  excepting  only,  that  the  latter  is 
nfed  often  in  the  Plural,  for  the  feveral,  fmali 
Parts  and  Divifions  of  the  common  Subftance 
of  the  Univerfe  ;  /.  e.  they  are  called  Bodies . 

A.  Is  the  intimate  Nature  of  Matter  to  be 
known  ? 
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B.  No 3  this  is  concealed  from  human 
Knowledge ;  ail  we  can  difcover  of  natural 
Bodies,  are  fome  few  Properties  and  Affec¬ 
tions  thereof,  which  are  more  obvious  to  our 
Senfes. 

A.  Is  the  Matter  of  all  Bodies  the  fame  ? 

B.  Yes  ;  what  the  Philofophers  call  the 
primary  conftituent  B articles.  Atoms ,  or  Cor - 
fufcles  of  Matter,  which  conftitute  Bodies  of 
infinite  Kinds,  are  yet  the  fame,  or  of  the 
fame  Nature,  among  themfelves,  in  all  thofe 
Bodies  A 

A .  And  is  not  this  the  fame  Thing  as  to  fay, 
that  Fire  and  Water ,  a  Flint  and  Down ,  Gold 
and  Dung ,  &c.  are  the  fame  Things  with  re- 
lpe£t  to  the  Matter  of  which  they  confift  ? 

B.  Yes,  they  are  fo  3  and  what  thence  do 
you  infer  ? 

A.  What  then  ?  why  then,  I  believe,  yon 
will  have  few  Difciples  amongft  the  common 
People ;  and  feveral  will  think  they  give  it  a 

*  Dr.  Woodward  afierts  Matter  to  be  originally  and  really 
very  different;  being  at  its  firft  Creation  divided  into  feveral 
Ranks ,  Sets,  or  Kinds  of  Corpufcles  ;  that  thofe  of  the  fame  Kind 
are  every  where  alike  and  uniform  ;  but  thofe  of  different  Kinds , 
differ  not  only  in  Subjlance >  but  in  all  the  Qualities  obfervable 
in  Bodies  compounded  of  them.  And  that  from  hence  arife  the 
Differences  in  Colour,  Take,  Smell,  Iiardnefs,  Gravity,  &c.  in 
all  Bodies.  See  his  Effay  towards  a  natural  Hiflory  of  the  Earth. 
Part  v.  p.  229,  230.  This  is  the  Do&rine  alfo  of  the  CarU~ 
Jians ,  tho*  abundantly  confuted  by  the  Newtonians.  See  Newt. 
Princip.  p.  388.  Optics,  p.  353.  Mujfchenbroeht s  Elem.  Phyf. 
Matth.  §61,  83,  383.  Cheyne* s  Phil.  Princip.  p.  59.  Boyle 
on  the  Principles  of  natural  Bodies.  Ray  on  the  Creac.  p.  68, 
85.  Keill’s  Introd,  ad  ver,  Phyf.  Sefl,  viii. 


better 


O/'  Matter ,  whether  finite ,  fee.  j  j 

better  Term  than  it  deferves,  if  they  call  fuch 
After  tions  philofiophical  Romancing . 

£.  It  is  very  probable,  that  it  may  be  fo  ; 
but  the  real  Nature  and  unchangeable  Truth 
of  Things  are  ftiil  to  be  inlifted  on,  though 
they  are  unknown  to,  arid  gain  no  Credit  with, 
the  Vulgar. 

A .  Is  Matter  finite  t  or  infinite  ? 

B.  Finite;  and  limited  within  certain  Spaces 
and  Eounds,  in  the  various  Parts  of  the  Uni- 
verfe 

A.  How  is  Matter,  or  Body*  commonly 
conlidered  ? 

B.  As  having  three  Dimenfions,  viz.  Length) 
Breadth ;  and  Fhicknefs . 

A.  Is  this  Confideration  of  Matter  the  moft 
philofophical  ? 

B.  No  ;  it  is  too  vulgar  and  defective. 

A.  What  is  a  more  accurate  Method  to  ac¬ 
quire  the  beft  Knowledge  and  Ideas  of  Matter, 
or  Bodies,  that  we  are  capable  of? 

B.  By  considering  thofe  Properties  and  Af¬ 
fections  thereof,  which  are  obvious  to  us,  and 
beft  known  by  us. 

A.  How  are  the  Pronerties  of  Bodies  dif- 

i. 

tinguifhed  ? 

B.  Into  <thofe  which  are  common  to  all 

i 

alike,  and  thofe  which  are  peculiar  to  each  in 

*  j  ■»»  <  «  i  i  -  *  «  .  * , 

*  The  Cartefans  abfurdly,  place  the  Effence  of  Matter  in  Ex - 
tenfion ,  and  consequently  make  it  infinite,  as  being  then  the  fame! 
as  Space  itfelf.  But  the  Newtonians  placing,  it  inf  olid  impene¬ 
trable  Corpitfcles,  or  Atomy,  make  it  finite .  See  Newt.  Princip. 
p.  316.  Cotes1  s  Pref.  thereto.  Muffihenbroek ,  Parti.  Chap.  iv. 
Kent's,  Introd.  Left.  ii.  Clarke1  s  Notes  on  Rohan  It,  p.  22. 

C  *  parti* 
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particular :  The  firft:  are  called  Common  and 
Eflential,  the  latter  Specific  and  Accidental. 

A .  Which  are  the  Properties  of  the  firft 
Sort  ? 

B .  They  are  generally  reckoned  thofe  which 
follow  : 

I.  Fxtenjioti,  for  all  Bodies  are  extended. 

II.  Divijibility ,  for  all  Bodies  may  be  di* 
vided. 

III.  Solidity ,  for  the  Particles  of  all  Bodies 
are  hard. 

IV.  Figur ability y  for  all  Bodies  have  fome 
Form  or  Figure. 

V.  Mobility ,  for  all  Bodies  are  capable  of 
being  moved. 

i 

A .  Is  this  Enumeration  of  the  common 
Properties  of  Bodies  every  Way  juft,  and  equal 
in  all  Things  ? 

j B.  No,  1  do  not  think  it  is ;  for,  firft,  they 
mav  all  be  aflerted  of  the  whole  Bodv,  ex- 
cept  Solidity,  which  agrees  only  to  the  Par¬ 
ticles  of  Bodies  :  Again,  other  Properties  may 
as  univerfally  be  aflerted  of  Bodies  as  fome  of 
thefe,  as  Durability  ;  for  a  Body  is  no  lefs  in¬ 
finitely  durable,  from  its  Nature,  than  it  is  in¬ 
finitely  divifible. 

A .  Which  are  thofe  other  Properties  of  Bo¬ 
dies,  which  you  call  Specific  or  Accidental  ? 

B .  They  are  generally  reckoned  the  fol- 


I.  Light . 
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I.  Light . 

II.  Colours . 

III.  Sound . 

} 

IV.  Gravity  and  Levity . 

V.  Attraction  and  Electricity. 

VI.  Tranfparency  and  Opacity „ 

VII.  Denfity  and  Parity.  1 

VIII.  Har chiefs  and  Softnefs . 

IX.  Rigidity  and  Flexibility . 

X.  Conjijlence  and  Fluidity * 

XI.  Heat  and 

XII.  Humidity  and  Sic  city. 

XIII.  Elafticity . 

XIV.  Odours  and  Sapourso 

.  **  1 

What  do  you  call  the  Elements  of  na« 
tural  Bodies  ? 

1?.  Thofe  pure  and  fimple  Subfiances,  of 
which  all  grofs  and  mixed  Bodies  are  faid  to 
confifi ;  and  into  which  they  may  ultimately 
be  refolved,  or  reduced. 

How  many  are  thofe  Elements  ? 

B.  The  Ancients  counted  feven,  viz.  Fire , 
i?/r.  Water ,  Earth ,  Sulphur,  and  Mercury. 

A.  How  many  do  the  Moderns  reckon  ? 

Some  of  the  modern  chymical  Philofo- 
phers  reckon  five,  toz.  Mercury,  Phlegm,  Sul * 
phiir ,  Salt,  and  Earth .  Others  reduce  them 
to  three,  viz.  Mercury,  Sulphur,  and  &?//. 
Whereas,  in  Reality,  there  are  no  other  Ele¬ 
ments  of  natural  Bodies  than  the  primoge- 
iiial  Particles  of  Matter,  or  Subfiance,  of 

C  2  which 
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which  they  confift  univerfally,  and  endued 
with  the  Properties  above  mentioned*. 

s 

-  /  :  .  « 

CHAP.  II. 

Of  Extension,  and  the  Magnitude 
and  Dimensions  of  natural  Bodies. 

A .  T  Remember  you  faid,  the  firft  of  the 
|  univerfal  and  effential  Properties  of 
Matter,  or  Body,  was  E xtenfion j  pray  explain 
what  is  meant  thereby. 

B .  Extenfion  of  Matter ,  is  the  Quantity  of 
Bulk,  or  Size,  into  which  the  primogenial 
Particles  of  Matter  are  diftributed,  or  extend¬ 
ed,  in  any  natural  Body. 

A .  What  arifeth  hence  ? 

B .  The  Doftrine  of  Magnitude,  and  DI- 
menfion  of  Bodies. 

A .  What  do  you  call  the  Magnitude  of  Bo¬ 
dies  ? 

jB.  Their  Size,  or  Bulk,  or  Quantity  of 
Space,  which  they  take  up. 

A.  How  do  you  compute,  or  eftimate  the 
Magnitude  of  Bodies  ? 

B.  By  the  Quantity  of  their  Dimenfions. 

A .  What  do  you  call  the  Dimenfions  of  Bo* 

dies  ? 

*  That  there  Is  but  one  Element  of  all  Bodies,  <viz.  Subftance , 
m Mattery  is  largely  fhewft  by  the  Authors  quoted  in  Page  33. 

1 3,  Their 
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B.  Their  Extenfion  in  Lengthy  Breadth,  and 
Phicknefs,  or  Depth ;  and  thefe  are  the  com~ 
mon  Terms  or  Bounds,  which  limit  the  Sub¬ 
stance  of  all  Bodies. 

A.  Have  all  Bodies  thefe  three  Dimenfions  ? 

B .  Yes,  they  have ;  though  one,  or  two,  or 
all  of  them,  efcape  our  Senfes ;  yet,  they  ne- 
verthelefs  exift  together  in  all  Bodies, 

A .  How  do  fame  then  fay  that  a  Point  hath 
no  Dimenfions  ? 

B .  They  mean  by  this,  a  Paint,  or  the  fmall- 
efl:  Part  of  Space,  which,  naturally  fpeaking, 
is  Nothing,  and  therefore  hath  no  Properties. 

d.  How  are  Bodies  differenced,  with  re«* 
fpedt  to  their  Dimenfions? 

B .  They  are  by  Mathematicians,  on  that 
Account,  diftributed  into  Points ,  Lines,  Su~ 
perfcies ,  and  Solids* 

A .  As  how  ? 

B .  They  call  that  a  Point,  when  all  the  three 
Dimenfions  are  fo  very  fmall,  as  to  be  altoge¬ 
ther  imperceptible,  as  the  Speck  A  :  A  Line , 
is  that  which  appears  to  have  no  Breadth  or 
Thicknefs,  as  BC :  A  Superficies ,  that  which 
hath  Length  and  Breadth,  but  no  perceivable 
Thicknefs,  as  ABCD  :  Lafily,  they  call  that  a 
Solid,  which  hath  evidently  all  the  three  Di¬ 
menfions,  as  the  Solid  S  ;  whofe  Length  is 
AC,  its  Breadth  AB,  and  its  Thicknefs,  or 
Depth,  AE.  See  Fig .  I,  II,  III,  and  IY.  on 
Plate  IV,  fronting^.  70. 

A .  How  many  are  the  Degrees  of  Magni¬ 
tude  ? 

C  3  B.  They 
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B.  They  are  infinite ;  for  no  Body,  however 
great  or  fmall,  can  be  given,  but  another  may 
be  conceived  greater  or  fmaller  than  it ;  as  I 
fliall  demonftrate  to  you  when  we  difcourfe  of 
the  Divifihiiity  of  Matter. 

A.  How  are  Bodies,  or  Things,  faid  to  be 
great  ox  fmall  ? 

B .  Greatnefs,  or  Smdllnefs ,  are  only  relative 
Terms $  and  Things  are  great  or  fmall  only, 
as  they  are  compared  one  with  another  2 
Thus  a  Mountain  two  or  three  Miles  high,  is 
a  great  one,  and  one  not  above  two  or  three 
Perches  high,  is  a  fmall  one,  when  they  are 
compared  together. 

A.  Then,  I  fuppofe,  you  count  it  impro¬ 
per  and  unphilofophical,  to  fay  any  Thing  is 
a bfo lately  great  or  fmall  ? 

B.  Moil  certainly  it  is  ;  becaufe  the  fame; 
Thing  is  either  great  or  fmall  by  Companion 
only  :  Thus  a  Hog  is  a  fmall  Creature,  com¬ 
pared  with  the  larged  Elephant ;  but  it  is  a 
great  Creature,  when  compared  with  a  Loujk 
that  crawls  on  his  Back* 
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CHAP.  III. 

7 

Of  the  Divisibility  of  Matter ,  of 
the  Infinity  thereof \  a?id  of  the 
wonderful  Ductility  and  Divi¬ 
sibility  of  fever  al  Bodies. 

J.  T  T  THAT  is  the  Divifibility  of  Matter  X 
W  jB.  It  is  that  univerfal  Property 
or  Pifpofition  of  a  Body,  whereby  it  is  capa¬ 
ble  of  being  divided  or  reduced  into  Parts, 
either  actually  or  mentally. 

A.  How  far  are  Bodies  capable  of  being 
divided  ? 

B.  A  Body  is  diyilible  in  infinitum ,  or  with¬ 
out  End. 

A .  This  is  a  wonderful  Dodlrine  !  What 
will  you  fay,  that  a  very  fmall  Particle  of 
Matter  is  capable  of  being  divided  into  Parts 
hill  leffer  and  leffer,  through  all  the  Ages  of 
Eternity  ? 

B,  Yes ;  and  as  wonderful  as  it  is,  it  is  car 
pable  of  no  lefs  than  a  plain  mathematical 
Demonftration. 

A .  Do  you  fay  fo  !  I  wi£h  it  may  be  fuch 
as  I  can  underhand;  pray  let  me  fee  it,  how¬ 
ever. 

B .  I  will,  and  I’ll  engage  that  you  or  any  one 
may  underhand  it;  and  it  is  thus.  Let  EF  (Fig, 
Y.  on  Plate  IV,  fronting  p .  7o.)be  a  right  Line, 

t  C  4  I  fav. 
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1  fay,  that  Line  may  be  divided  into  a  Numbeif 
of  Parts,  exceeding  any  finite  Number ;  and  i$ 
is  thus  demonftrated.  Through  B  and  F,  the 
two  Extremities  of  the  Line,  let  there  be 
drawn  the  two  parallel  Lines  AB,  CD  ;  and 
fuppofe  they  were  infinitely  extended  to  the 
right  Hand,  then  it  is  evident,  that  in  the  Line 
CD,  infinitely  extended,  there  may  be  taken 
an  infinite  Number  of  Points,  a,  b,  c,  d, 
&c.  Now  if  to  each  of  thofe  Points  there  be 
drawn  flraight  Lines  from  the  Point  A  (taken 
in  AB,  to  the  left  of  the  given  Line  EF)  each 
of  thofe  Lines  Aa,  Ab,  A c,  &c.  will  cut  off  a 
finall  Portion  of  the  Line  EF ;  but  becaufc 
the  Points  a,  b>  c,  &c7  are  infinite  in  Number, 
ioKkewife  are  the  Lines  Aa,  A b,  Ac,  &c.  and 
confequently  the  Parts,  or  lrnall  Portions,  they 
will  cut  off  of  the  Line  EF,  will  be  infinite,  in 
Number  alfo ;  and  thus  it  is  manifeft,  that  the 
Line  EF,  however  fmall,  may  yet  be  divided 
into  an  infinite  Number  of  Parts  * 

,  A.  Indeed  it  is  fo  plain,  that  I  muft  confefs 
and  believe  it :  And  what  may  we  infer  from 
this  wonderful  Property  of  Matter  ? 

B.  Birft,  That  the  lead  Particle  of  Matter 
is  capable  of  an  infinite  Diviiion,  as  well  as  the 
greatefh 

*  For  it  is  impoffible  that  all  the  Parts  of  the  Pine  EE,  or  the 
lead  Particle  thereof  next  E,  fhould  be  cut  off,  unlefs  we  can  draw 
a  Line  frbm  the  Point  A  to  the  Line  CD  which  fnall  at  the  fame 
,  lime  coincide  with  AB  :  But  that  this  is  impoffible,  every  Tyro 
in  Geometry  can  eafily  conceive  and  demonitrate.  See  this  Pro¬ 
perty  in  various  Ways  demonffirated  by  Dr.  Kelli ,  in  his  third 
fiud  fourth  Le&ures  in  his  introduction  to  Natural  Philofophy. 

Secondly , 
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Secondly,  That  there  is  no  fuch  thing  as  in«* 
finitely  fmall  Particles  of  Matter. 

! thirdly ,  That  the  original  or  primogenial 
Particles  of  Matter,  into  which  it  may  be  ul-» 
timately  reduced,  are  altogether  paft  human 
Comprehenhon. 

Fourthly ,  Hence  we  learn  what  wonderous 
Effefts  a  fmall  Piece  of  Matter  may  produce 
by  its  Fivijibility  and  DuBility . 

A.  What  do  you  call  the  DuBility  of  Mat¬ 
ter  ? 

B.  That  Difpofition  of  it,  whereby  it  is  ea«e 
lily  drawn  out  into  Length,  or  Breadth. 

A.  What  curious  and  extraordinary  Inftancejs 
have  you  of  this  Kind  ? 

B .  I  think  the  following  very  remarkable, 
piz. 

Mr.  Boyle  faith,  a  Piece  of  Silk,  weighing 
two  Grains  and  a  half  only,  was  drawn  out 
into  a  Thread  three  hundred  Yards  long. 

He  faith  alfo,  that  one  Grain  of  Gold 
may  be  beat  into  a  Leaf  of  fifty  fquare 
Inches. 

If  then  an  Inch  in  Length  be  divided  into 
two  hundred  Parts,  the  Eye  may  diftinguifh 
them  all ;  wherefore  in  one  Grain  of  Gold  are 
2000000  of  vifible  Parts* 

An  Ounce  of  Silver  may  be  gilt  with 
eight  Grains  of  Gold,  which  afterwards  may 
be  drawn  out  into  a  Wire  of  1300  Feet 
long. 

Dr.  Halley  has  made  it  appear,  that  124500 
pf  thole  .very  fine  Skins  of  Gold,  ufed  in  gild- 
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iiig  Silver-wire,  do  not  in  Thicknefs  exceed 
an  Inch.  Befides  feveral  other  Inftances. 

A .  Thefe  Things  are  very  admirable  in-* 
deed.  What  other  remarkable  Difcoveries  have 


iffued  from  the  Divifibility  of  Matter  ? 

B.  The  extraordinary  Subtility  of  Matter* 
and  the  Tenuity  or  Finenefs  of  its  Parts,  will 
appear  by  thefe  Inftances. 

A .  Mr.  Boyle  hath  found,  that  one  Grain  of 
Copper  will  tinge  28534  Grains  of  Water  $ 
and  therefore  in  a  Drop  of  Water,  whole  Dia¬ 
meter  is  one  hundredth  of  an  Inch,  there  are 
contained  21 1400  vifible  Parts  of  Copper* 
reckoning  only  an  100  to  an  Inch. 

Again,  Dr.  Keill  hath  computed  the 
Magnitude  of  a  Particle  of  Ajj'a  Fcetida , 
to  be  -—fQ  0  0  0  0  q-0~q  Parts  of  a  Cubic 


Inch. 

Pie  has  likewife  fbewn,  that  one  of  thofe 
Globules  of  Blood,  which  circulate  in  the  Veins 
of  fome  very  fmall  Creatures,  doth  not  exceed 

lhe  — . . . . . . . . ^ _ _ _  .  P^rts  of  a. 

'*■■7^  lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOboO  ^  CilLO  v/JL 


Cubic  Inch. 


1  Once  more,  he  hath  alfo  demonftrat- 
ed,  that  one  Grain  of  Sand  will  contain 
125000000000000000000000000  of  the  a- 
forefaid  Blood  Globules ;  that  is,  10256  Times 
more  than  the  higheft  Mountain  upon  Earth 
contains  Grains  of  Sand. 

.  Lajlly ,  He  hath  fhewn  the  lead  Particle  of 
Matter  (hall  be  made  to  fill  the  greateft  Space 
(fuppofe  the  Orb  of  Saturn)  fo  that  there 
ihall  be  no  Pore  therein*  whofe  Diameter 

ihalf 

v  ^  *■ 
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(hall  exceed  the  looooocooooooth,  &c*  Part 
of  an  Inch  *  *ir 


*  They  who  would  fee  much  more  on  the  extreme  Du&ilit/ 
S.nd  Subtility  of  Bodies,  may  confult  Robault’s  Phyfics,  Part  I. 
Chap.  9 ;  Dr.  Clarke's  Notes  thereon  ;  Mr.  Boyle  in  his  Bpok 
of  Effluvia',  Dr.  Halley  in  the  Phil'of.  Tranf  N°I94  ;  and 
efpecially  Dr.  KetlV s  Fifth  Le&ure  of  his  Introduction  to  Na¬ 
tural  Philofophy. 

It  may  not  be  acceptable  to  the  Reader  to  have  fome  Idea 
of  the  furprifing  Smallnefs  of  MicrOicopic  Animalcules,  from 
Calculation.  Suppofe  fuch  an  Animalcule  be  AB  (See  Pig.  II. 
on  Plate  I,  fronting/.  25.)  which  is  made  vifible  by  the  Lens 
C  at  the  Diftance  of  BC,  which  fuppofe  one  Tenth  of  aq. 
Jach  ;  then  will  the  Angle  ACB  be  equal  to  one  Minute,  for 
under  fuch  an  Angle  an  ObjeCl  will  but  juft  appear  or  be 
vifible. 

Then  in  the  Right-angled  Triangle  ABC,  there  is  known 
the  Side  BC  =:  V-o  of  an  Inch,  and  the  Angle  C  “  o°  C,  to 
find  the  Side  AB,  the  Length  of  the  Animalcule,  which  is 
thus  found,  by  Trigonometry. 

As  Radius  . . .  . .  10. 

To  the  Bale  - AC  =  o.  1  9.000000 

So  is  the  Tangent  of  ACB  —  o°  1'  6.463726 


To  the  Side 


AB  =  0.000029  5.463726 


That  is,  fuppofe  an  Inch  divided  into  a  Million  of  equal 
Parts,  this  Animalcule  AB  will  be  no  more  than  29  of  thofe 
Parts  in  Length. 

Suppofe  it  were  as  wide  as  long,  the  whole  Surface  thereof 
would  be  0.00000000084  >  that  is,  84  °f  Hundred  Thou- 
fand  Million  of  equal  Parts  of  an  Inch  Square. 

Lafth,  Suppofe  it  of  a  Cubic  Figure,  it  will  then  be  but 

*'  d  *  t  4  2.4  ^  .  frC  o 

0.00.000000 OOOOO 24.  1.  e.  Toog'oooooooooooo  or.  z4  m  “ 
j T houfand  Millions  oj  Millions  ol  equal  Parts  of  a  Cubic  Inch. 

If  then  the  Animalcule  itfelf  be  of  fuch  an  inconceivable 
and  ftupendous  Smallnefs,  how  fmall  muft  the  fineft  Particles 
of  the  Fluids  be  which  flow  through  the  fineft  Veffels  of  its 
organized  Body  l  This  doubtlefs  exceeds  all  Calculation,  and 
jfhe  Force  of  Imagination  itfelf. 


CHAP, 


.  CHAP.  IV. 

Of  the  Solidity  and  Figurability 

of  Bodies. 

^,11  THAT  is  that  common  Property 
VV  °f  Matter,  or  Body,  which  you 
pall  Solidity  ? 

B,  Solidity  is  that  Property,  whereby  a  Body 
refifteth  all  others  that  prefs  it  on  every  Side, 
and  whereby  it  hinders  all  other  Bodies  from 
entering  into  that  Place  which  it  poffeffeth, 
though  they  are  forced  againft  it  ever  fo  vio-* 
lently. 

A .  Then  fuppofe  I  prefs  a  Body  ever  fo 
forcibly  between  my  Hands,  that  Property 
which  prevents  my  Hands  from  coming  to  a 
mutual  Contact,  you  call  Solidity ,  if  I  under?- 
it  and  you  right  ? 

5,  Yes,  I  do  fo ;  and  this  Property  is  the 
Ground  or  Caufe  of  all  Refinance  in  Bodies, 

A*  Is  not  this  a  new  Term  for  this  Proper- 

ty ? 

B .  Yes,  it  hath  been  formerly  called  Impe¬ 
netrability;  becaufe  two  Bodies  cannot  pene¬ 
trate  each  other?  or  be  in  the  fame  Place  at 

once*, 

*  Some  have  compounded  thefe  two  Terms,  and  called  this 
Property  of  Matter  Impenetrable  Solidity ;  and  which  does  cer¬ 
tainly  better  exprefs  it  than  either  of  the  Words  fingly. 

A.  And 
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A.  And  is  this  Property  of  Matter  the  fame 
in  liquid  or  fluid  Bodies,  as  it  is  in  hard  or 
Axed  ones  ? 

jB.  The  very  fame  ;  for  a  Drop  of  Water,, 
or  a  Particle  of  Air,  remaining  fixed  between 
any  two  Bodies,  will  no  lefs  hinder  their  Con¬ 
tact,  than  an  equal  Quantity  of  Steel  or  Dia¬ 
mond  would  do. 

A.  Pray  what  is  that  you  call  Figurability 
of  Body  or  Matter  ? 

B .  That univerfal  Difpofition  thereof, where> 
by  it  is  neceflitated  to  appear  in,  or  put  on  fame 
Sort  of  Shape,  or  Figure ,  or  other. 

A .  Wherein  doth  the  Shape  or  Figure  of 
Matter  confift  ? 

B.  In  the  Manner,  or  Mode,  or  Fafhion, 
of  its  Extremities,  or  external  Superficies, 
within  which  it  is  contained. 

A .  Is  it  not  the  fame  with  what  is  called 

the  Form  or  Modification  of  Matter  ? 

B.  Yes;  and  finco  the. Forms  of  Matter  are 
only  the  Shape,  or  Paftiion,  of  its  terminating 
Extremities,  we  mn ft  exclude fubfantial Forms, 
as  the  contradcdjious  Non  fen fe  and  danron  of 
the  Schools*. 

A.  Doth  this  Property  of  Matter  you  now 
dilcourfe  of,  equally  relate  to  the  original 

The  Do6lfme  of  Sii’bjiantial  'Forms  is  doubly  abfnrd,  be- 
caufe  it  teaches  that  Form  is  itfelf  a  Subjlance ,  and  yet  incor¬ 
poreal,  and  of  itfelf  incapable  of  Quantity,  Dimenfion,  and 
Divifion.  They  are  certainly  poor  Ontologijlsy  as  well  as  Philo- 
fopbers ,  who  talk  at  this  Rate.  Let  thofe  who  would  fee  a 
great  deal  to  lit  tie  Purpofe  faid  on  this  Head,  read  Sennertus’s • 

Kpitome  of  N'/tural  SciencQ,  Lib,  i.  Cap .  3. 

primOgenial 
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primogenial  Particles  of  Matter,  as  well  a£ 
to  the  groffer  Compofition  thereof  in  natural 
Bodies  ? 

B.  Yes;  but  in  thefe  inconceivable  Parti¬ 
cles  of  Matter,  the  Forms,  no  doubt,  are 
much  more  fimple,  regular,  and  determinate, 
than  in  thofe  heterogeneous  Compositions 
which  we  are  acquainted  withah 

C  H  A  pe  V. 

. 

0/ Mobility  of  Matter \  dnd  the  Na¬ 
ture  of  Motion  and  Rest. 

A.  T^RAY  what  is  meant  by  the  Mobility 
Jb  of  Matter  ? 

B .  It  is  that  effenUal  Property,  whereby 
any  Part  of  Matter  is  capable  of  Motion ,  or 
being  moved. 

A.  What  is  Motion  ? 

B .  A  continual  and  fiicceffive  Change  of 
Place, 

A.  What  is  Re/1  ? 

J3.  The  Continuance  of  a  Body  in  the  fame 
Place,  for  any  Time. 

A .  What  is  the  Caufe  of  Motion  ? 

B .  An  external  Force  or  Power  applied  to 
any  Body ;  which  being  fuperiour  to  its  Refill- 
ance,  impelleth  or  driveth  it  out  of  its  Placed. 

A.  How 

*  Motion  may  be  confidered,  (i.)  as  abfvluhly  free ,  or  at  leaft 
fo  far  as  to  be  affected  with  nothing  bat  the  Refinance  of  the 

Medium* 
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A .  How  is  Motion  d.iftinguifhed  ? 

R.  Into  abfolute  and  relative . 

What  is  abfolute  Motion  ? 

B.  The  real  Motion  of  a  Body,  from  one 
Part  of  abfolute  Space  to  another. 

A.  What  do  you  call  relative  Motion  ? 

B.  It  is  the  Change  of  Place,  with  Refpe’dt 
to  fome  other  Things  at  Reft  :  And  abfolute 
and  relative  Reft  is  juft  the  contrary  to  thefe. 

A.  What  do  you  obferve  hence  ? 

B.  That  a  Perfon  may  relatively  be  at  Reft, 
who  yet  is  really  and  truly  in  abfolute  Mo¬ 
tion. 

A .  Pleafe  to  exemplify  this  Matter. 

R*  I  will.  Suppofe  a  Perfon  feated  in  a 
Ship,  he  appeareth  to  all  within  the  Ship  to 
be  at  Reft ;  though  at  the  fame  Time  he  is 
moved  with  the  fame  Motion,  with  the  fame 
Swiftnefs,  and  according  to  the  fame  Courfe, 
as  the  Ship  itfelf  is,  with  regard  to  abfolute 
Space. 

A.  What  are  the  general  AfFe&ions  of  Mo¬ 
tion  ? 

R.  They  are  thefe  three,  viz* 

1.  The  Celerity  or  Velocity  of  Motion. 

2.  The  Quantity  of  Motion . 

3.  The  Direction  of  Motion. 

Medium  thro’ which  the  moving  Body'pafles.  (2  )  As  determinate , 
and  under  reftraint ,  when  the  moving  Body  is  obliged  to  move 
upon  or  about  a  fixed  Point ,  which  is  called  the  Centre  ofi  Motion . 
1’hus,  fuppofe  the  Line  AB  be  moved  on  the  Centre  C  into  any 
other  Poiition,  as  ab ;  the  Point  C  is  faid  to  be  the  Centre'  of 
fbat  Motion.  See/Tg-.  III.  on  Plate  1,  fronting/.  25. 

A.  What- 


I',  •  vflM  .  ,  J 
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!  A 

What  do  you  mean  by  the  Celerity  of 
Motion  ? 

B .  It  is  that  whereby  a  Body  paffeth  over  a 
given  Space,  in  a  given  Time:  So  that  if  in  one 
Minute  a  Body  A  paffeth  over  the  Space  ab> 
and  another  Body  B  paffeth  over  the  Space  cd$ 
in  the  fame  Time  ;  then  the  Celerity  or  Swift - 
nefs  of  the  Body  A  will  be  to  the  Celerity  of  the 
Body  B,  as  the  Line  ab  is  to  the  Line  cd .  See 
Fig.  VI.*  on  Plate  IV,  fronting  p.  70. 

A .  How  do  you  compute  the  Quantity  of 
Motion  ? 

B.  By  compounding  the  Proportion  of  the 
Quantity  of  Matter,  and  the  Velocity  of  Mo¬ 
tion.  Thus,  if  the  Body  A  hath  two  Parts  of 

¥  That  is,  the  Celerities  are  to  each  other,1  as  the  Spaces  paired 
thro’  by  the  moving  Bodies.  And  thus,  while  AB  is  moving 
into  the  Situation  at,  the  Point  B  will  defcribe  the  circular  Arch 
Bb,  in  the  fame  Time  that  A  defcribes  the  Arch  Aa  ;  arid  con- 
fequently  the  Celerity  of  the  Motion  of  the  Point  B  will  be  to 
that  of  the  Point  A,  as  the  Length  of  the  Arch  Bb  is  to  the 
Length  of  the  Arch  Aa ,  as  being  the  Spaces  paffed  thro’  in  the 
fame  Time  ;  and  this  is  the  Foundation  bf  all  Mechanics,  or 
the  Science  of  Motion. 

Now  the  Arch  B  h  is  to  the  Arch  A  a,  as  Qb  is  to  Ca ;  for 
they  are  the  Radii  by  which  thofe  Arches  are  defcribed.  From 
b  and  a  let  fall  the  Perpendiculars  bJL  and  aD  on  the  Line  AB  j 
then  in  the  fimilar  Triangles  aQD  and  £CE,  we  have  bC  to 
as  CE  to  CD;  and  therefore  the  Arch  bB  is  to  the  Arch 
-aA,  as  CE  is  to  CD  ;  confequently,  if  any  heavy  Body  were 
placed  on  the  Point  B,  and  another  on  the  Point  A,  fmce  all 
heavy  Bodies,  at  Liberty,  tend  to  the  Earth  in  perpendicular  Di¬ 
rections,  while  the  Line  AB  is  raifed  to  the  Situation  ab,  the 
Weights  would,  according  to  their  proper  Direction,  or  Pro- 
penfion,  be  moved  thro’  the  Spaces  b E  and  aD  only  ;  and  fo 
their  Velocities,  or  the  Spaces  they  pafs  thro’  round  the  Point 
C,  will  always  be  proportional  to  the  lead;  Diftances  CE  and 
CD,  of  their  proper  Directions  bD  and  aD,  from  the  faid 
Centre  of  Motion  C* 

Matter* 
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Matter,  and  fix  Degrees  of  Velocity,  the  Mo¬ 
tion  of  that  Body  will  be  twelve.  See  Fig. 
VII.  *  on  Plate  IV,  fronting  p .  70. 

A .  Then  by  this  Means  I  perceive  you  have 
an  eafy  Method  of  comparing  the  Quantity  of 
Motion  in  any  two  or  more  Bodies  ? 

B.  Yes,  very  truly:  For,  fuppofe  the  Body 
A  hath  two  Parts  of  Matter,  and  fix  Degrees 
of  Velocity;  and  the  Body  B  hath  four  Parts 
of  Matter,  and  ten  Degrees  of  Velocity  ;  then 
the  Quantity  of  Motion  in  A,  paffing  from  a 
to  by  will  be  to  the  Quantity  of  Motion  in  B, 
paffing  the  Space  cdy  as  12  to  40.  See  Fig . 
VII.  on  Plate  IV,  fronting  p.  70. 

A .  Why  then  I  find,  that  if  the  Quantity 
of  Matter  in  any  two  Bodies  be  equal,  and 
their  Velocities  unequal,  and  the  contrary, 
their  Quantity  of  Motion  will  likewife  be  un¬ 
equal  ? 

B.  It  will  befo;  for  the  Quantity  of  Mo¬ 
tion  in  two  Bodies  will  never  be  equal,  if 
their  Matter  or  Velocity  differs,  unlefs  in  this 
one  Cafe,  when  the  Quantities  of  Matter  and 
Velocity  are  in  reciprocal  Proportion  to  each 
other  :  As  thus,  4  :  21:6:3.  Wherefore  the 
Motion  of  B,  with  three  Degrees  of  Velocity, 
is  equal  to  the  Motion  of  A,  with  fix  Degrees 

*  What  I  here  call  the  Quantity  of  Motion,  Mechanical 
Philofophers  call  the  Momentum  or  Force  of  Motion  j  by  which 
they  mean  all  the  Power  that  can  be  given  to  any  Body,  by 
Means  of  any  Machine  in  regard  of  the  Gravity  or  V elocity 
thereof ;  from  which  two  Principles,  either  fihgly  or  compounded , 
all  the  Force  or  Power  of  Bodies  is  derived. 


D 


thereof* 
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thereof.  See  Fig.  VII.*  on  Plate  IV,  front¬ 

ing/-  7°- 


A.  What 

*  From  hence  the  Theory  or  Rea/on  of  the  Ufe  and  Advarv- 
fage  of  every  Mechanical  Power,  or  Machine,  is  evident. 

I.  The  LEVER,  Fig.  IV.  of  Plate  l,  fronting/.  25. 

Let  DE  reprefent  a  Lever,  moveable  on  the  Fulcrum  C  ; 
let  P,  a  Weight  of  2  Pounds,  hang  freely  from  the  Point  E,  and 
W,  a  Weight  of  8  Pounds,  be  placed  on  the  Point  D  :  Now  if 
the  Lever  be  moved,  the  Didance  CE  will  reprefent  the  Ce¬ 
lerity  of  the  Body  P,  and  CD  that  of  the  Body  W,  by  Note 
(*'),  in  Page  40.  Let  CD  be  3,  and  CE  be  12  :  Then,  fine® 
it  is  P :  W ::  CD  :  CE,  i.  e.  2 :  8  ::  3  :  12,  it  is  evident  the 
Power  P  (2)  with  its  Celerity  CE  (12),  will  be  equivalent  to. 
the  Weight  W  (8)  and  its  Celerity  CD  (3) ;  for  the  Bodies 
P,  W,  being  in  a  reciprocal  Proportion  to  their  Celerities  (or 
neared  Didances  from  the  Center  C)  being  equal  (vice..  24) 
on  each  Side,  make  the  Force  on  each  Side  equal ;  and  confe- 
quently  the  Lever  DE  will  not  be  moved,  but  remain  in  Equi¬ 
libria. 

Therefore,  if  an  Hand  be  applied  to  the  Point  E,  and  prefs 
on  the  Lever,  with  a  Force  any  thing  greater  than  that  of 
2  Pounds,  it  will  raife  the  Weight  W  of  8  Pounds,  placed  as 
here  fuppofed. 

Now  tho’  there  be  Levers  of  feveral  Sorts,  what  is  here  faicl 
is  equally  applicable  to  them  all. 

s  / 

If,  The  BALANCE,  Fig.  V.  of  Plate  I,  fronting/.  25-. 

The  Balancers  aMachine  for  trying  the  Equality  of  Weights. 

Let  DE  be  the  Beam  of  a  Balance,  fufpended  and  moveable 
on  the  Point  C,  whofe  Arms  (or  Brachia )  CD  and  CE  are 
equal,  as  in  a  jud  Balance  they  diould  be;  and  A  and  B  be 
two  Scale«  hanging  from  the  Points  D  and  E :  Now  if  any 
Standard  Weight  W  be  put  in  the  Scale  A,  and  any  Thing, 
fuppofe  P,  a  Cheefe,  be  put  in  the  other  Scale  B,  and  the 
Scales  remain  in  Equilibria ,  then  is  the  Body  P  of  the  fame 
Weight  as  W ;  becaufe  the  Didances  from  the  Center  C  ( viz . 
CD  and  CE)  are  equal. 

Therefore  if  the  Scale  A  rile  or  defeend,  fo  much  mud  be 
taken  from,  or  added  to  the  Body  P,  as  will  reduce  the  Scales  to 

4,  an 
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A .  What  do  you  call  the  Direction  of  Mo¬ 


tion  ? 


B.  It 
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III.  The  PULLEY,  Fig.  VI.  of  Plate  I,  fronting^.  25. 

The  Pulley  is  a  Machine  for  railing-  Weights  to  a  great 
Height.  *  to  S 

Let  DEGF  be  a  Tackle  of  Pullies,  in  which  D  and  E  are 
fixed,  and  G,  F  move  or  rife  and  defcend  with  the  Weight  W. 
Let  any  Power  be  applied  to  the  Rope  at  P  to  raife  the  Weight 
W  ;  now  it  is  plain,  that  if  the  Weight  W  be  railed  one  Foot, 
the  Pullies  F  and  G  will  each  of  them  be  railed  one  Foot,  con¬ 
sequently  the  two  Ropes  R,  S,  belonging  to  F,  and  the  other 
two  T,  V,  belonging  to  G,  will  each  be  Ihortened  one  Foot ; 
therefore  four  Feet  will  be  loft  in  the  four  Ropes,  R,  S,  T,  V, 
all  which  will  be  gained  by  the  Power  P ;  or  it  will  defcend  four 
Feet,  while  the  Weight  W  rifes  one  ;  and  therefore  the  Velo¬ 
city  of  the  Power  being  four  Times  greater  than  that  of  the 
Weight,  the  Weight  will  be  four  Times  greater  than  the  Power, 
that  at  P  will  fuftain  it. 

And  in  all  Tackles  of  this  Kind,  the  Power  is  to  the  Weight 
it  fuftains,  as  One  or  Unity  to  the  Number  of  Ropes  applied 
to  the  lower  Pullies. 

I\  .  The  WHEEL  and  AXIS,  Fig.  VIII.  of  Plate  I,  fronting 

/.  25. 

Let  ACB  be  a  Wheel,  in  which  is  fixed  the  Axis  X ;  now 
it  is  eafy  to  conceive,  that  if  any  Power  P  be  applied  to  the  Cir¬ 
cumference  of  the  Wheel,  in  order  to  fuftain  a  Weight  W  hang¬ 
ing  from  the  Axis  X,  the  Power  P  Shall  be  to  ^the  Weight 
W,  as  the  Circumference  of  the  Axis  to  the  Circumference  of 
the  Wheel.  For  while  the  Wheel  turns  once  round,  the  Power 
P  defcends  through  a  Space  equal  to  the  Circurrfference  there¬ 
of,  and  the  Weight  in  the  fame  Time  is  raifed  thro’  another 
Space  equal  to  the  Circumference  of  the  Axis ;  but  the  Cele¬ 
rities  are  as  the  Space  pafi'ed  thro’,  and  therefore  as  the  Cir¬ 
cumferences ;  whence  the  Propofition  is  evident. 

But  fince  the  Circumferences  of  Circles  are  as  their  Diame¬ 
ters,  the  Power  P  will  be  to  the  Weight  W,  as  the  Diameter 
of  the  Axis  X,  to  the  Diameter  of  the  Wheel  AB,  or  (if 
Spokes  be  added)  to  the  Diftance  of  the  Extremities  of  any 
two  oppofitc  Spoke*,  as  D>  E. 
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B.  It  is  a  right  Line,  fuppofed  to  be  drawn 
towards  the  Place  where  the  moving  Body 

tends : 

V.  The  SCREW,  Fig.  VIII.  on  Flate  I,  fronting  p.  25. 

The  Screw  is  ufed  for  PreJJhrey  and  fometimea  for  railing 
Weights. 

Let  AB  be  the  Male  Screw,  DE  the  Nut  or  Female  Screw, 
which  is  forced  roun.^  by  a  Power  applied  to  the  Letter  P, 
which  is  fixed  thereinto.  Now  it  is  evident,  that  when  the  Le¬ 
ver  P  is  turned  once  round,  the  Nut  will  be  railed  thro*  a  Space 
equal  to  the  perpendicular  Diftance  between  two  contiguous 
'T  hreads  of  the  Screw ;  wherefore  the  Power  will  be  to  the 
Force  of  this  Machine,  as  the  Diliance  between  two  Threads  of 
the  Screw  Is  to  the  Spiral  Circumference  palled  thro’  by  the 
Power. 

VI.  The  WEDGE,  Fig,  IX.  on  Plate  Iy  fronting  p.  25. 

Let  ABD  be  the  triangular  Face  of  the  Wedge,  and  fuppofe 
it  were  driven  into  a  Piece  of  Wood  quite  to  the  Top  AB  ;  it  is 
plain  the  Wedge  will  have  palled  thro’  the  perpendicular  Space 
CD,  while  the  Wood  hath  palled  thro’  the  horizontal  Space  CB 
or  CA  on  each  Side.  And  therefore  it  is  inferred,  that  the  Power 
2s  to  the  Rejijtance  to  be  overcome  on  each  Side  the  Wedge,  as 
the  Thicknefs  of  half  the  Wedge  CB  to  its  Height  CD.  But 
there  are  various  Proportions  Bated  by  different  Authors  con¬ 
cerning  this  Matter,  as  appears  from  the  Authors  quoted  in 
John/bn’s  FNatJlicnes  Philof.  Page  69,  70.  And  they  who  would 
3ee  them  all  well  accounted  for,  may  confult  Rowtiing's  Comp . 
Syflem  of  Philof.  Part  I.  Chap.  10.  Page  72,  73. 

Thde,  with  the  Inclined  Plane ,  are  all  the  Bmple  Mechani¬ 
cal  Powers,  of  which  all  others,  how  complicated  feever,  do 
confiff. 

Hence  the  greateff  Artifice  in  Mechanics  is  to  contrive  the 
Machine,  fo  that  the  Power  may  have  the  greateff  Degree  of 
"Velocity,  and  the  Weight  to  be  raifed  the  leaff  Degree  pofiible. 

From  hence  alfo  it  is  plain,  that  what;  is  gained  in  Power  is 
loft  in  Time;  and  that,  ffnee  the  Force  of  the  Power  arifes 
from  the  Product  of  the  Celerity  into  the  Quantity  of  Matter, 
thV  the  Quantity  of  Matter  be  infinitely  diminilhed,  yet  it 
Thai!  effect  as  much  as  before,  by  means  of  a  greater  Celerity. 

Suppofe  a  Man  can  prefs  with  the  Force  of  200  Pounds,  and 
that  the  Weight  of  the  Earth  be  399784.7001  \  8074464789750  ; 
now  imagine  the  Earth  placed  at  one  End  of  a  Lever,  at  the 
Diffanoe  of  6000  Miles  from  the  Prop  or  Centre  of  Motion  f 

then 
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tends:  As  ab  is  the  Direction  of  the  Body  A, 
in  Fig •  VI.  of  Plate  IV,  fronting  p.  70. 

A*  What  other  Diviiions  of  Motion  do 
you  make  ? 

B.  According  to  the  Force  impreffed  on 
Bodies,  their  Motion  is  either  fimple  or  com « 
pound. 

A.  Pray,  Sir,  what  is  fimple  Motion  ? 

B.  When  only  one  Force  or  Power  ads  on 
any  Body,  the  Motion  produced  thereby  is 
fimple,  and  according  to  the  Direction  of  the 
impreffed  Force. 

A.  And,  next,  pleafe  to  explain  compound 
Motion. 

B.  This  is  produced  when  two  or  more 
Forces  ad  on  any  Body  in  different  Diredions  : 
Thus,  fuppofe  a  Power  H  ads  on  the  Body 
A,  with  eight  Degrees  of  Force,  in  the  Di- 
redion  AB  5  and  another  Power  I  ads  on  it, 
with  fix  Degrees  of  Force,  in  the  Diredioa 
NC ,  I  fay,  the  Motion  of  A  is  not  {imply  in 
either  of  the  Diredions  AB  or  AC,  but  in  a 
Diredion  compounded  of  both,  viz.  AD,  and 
that  with  ten  Degrees  of  Force,  and  arrives 
to  D  in  the  fame  Time  as  it  would  have  ar- 


then  muft  the  Perfon  or  Power  be  applied  at  the  Diftance  of 
1 199354IO°35422339d  36925°°  Miles' to  fuftain  it.  If  the 
Earth  be  rajfed  but  one  Mile,  the  Power  muft  move  through 
the  Space  of  1998925500590322323948-!  Miles.  The 
Diftance  of  Saturn  from  the  Sun  (equal  to  its  mean  Diftance 
from  the  Earth)  fuppofe  770310C00  Miles,  by  which  divide 
the  Number  11993541003542233943692500,  the  Quotient  is 
1556974595  103573  1,  which  is  fo  many  Times  Saturn’sDiftance 
from  the  Earth,  that  the  Perfon  muft  be  placed  from  the 
Fulcrum  p  fuftain  the  Earth. 
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rived  to  B  or  C  with  thofe  Forces  fingly.  See 
Fig .  VIII.  *  of  Plate  IV,  fronting  p*  70. 

C  H  A  P. 

*  1 .  For  fince  the  Body  A  is  urged  by  a  Force  reprefented  by 
the  Line  AB~8,  and  by  another  reprefented  by  ACz=6,  the 
Line'AC  may  be  conceived  to  move  paralielly  along  the  Line 

AB,  while  the  Line  AB,  in  like  Manner,  and  in  the  fame  Time, 

moves  thro’  the  Line  AC ;  and  the  Body  A  being  neceflarily 

found  in  both  thefe  Lines,  it  muft  be  in  that  Point  where  they 

* 

interfefl  each  other;  therefore  drawing  BD  parallel  toAC,  and 
CD  parallel  to  AB,  thefe  Lines  BD  and  CD  will  be  the  Di¬ 
rections  of  the  Forces  for  the  given  Time,  and  consequently 
the  Point  of  their  InterfeCtion  D,  will  be  that  in  which  the 
Body  A  will  be  then  found  ;  and  the  Line  AD,  the  Path  de- 
fcribed  by  the  Body  A,  or  the  Point  D,  in  the  feveral  Mo¬ 
ments  of  that  Time. 

2.  Hence  it  is  eafy  to  conceive  how  any  given  fimple  Motion, 
as  AD,  may  be  refolved  into  two  other  fimple  Motions,  AB  and 

AC,  whofe  joint  Efficacy  is  equivalent  to  that  of  AD  ;  and 
hence  any  Motion  may  be  confidered  as  fimple  or  compound ;  on 
which  Principle  the  Doftrine  of  the  Ccmpojition  and  Refolution 
of  Motion ,  or  Force  Si  depends. 

3.  LetFG  {Fig.  X.  of  Plated,  fronting  p.  25.)  be  the  Section 
of  a  Plane,  on  which  a  Body  impinges  in  the  oblique  Direc¬ 
tion  AD  ;  then  is  the  Force  with  which  it  drikes  the  Plane  in 
X),  reprefented  by  AD,  which  is  refolvable  into  the  two  Forces 
AC  and  CD,  of  which  AC  being  parallel  to  the  Plane  FG, 
does  not  affeft  it  in  the  lead  ;  but  CD  being  perpendicular 
thereto,  expred'e's  all  the  Force  with  which  the  Body  A  drikes 
the  Plane  in  the  Direction  AD.  But  CD  is  equal  to 
which  is  the  Sine  of  the  Angle  of  Obliquity  ADB,  and  had 
the  Body  A  impinged  perpendicularly  on  the  Point  D,  its 
Force  had  been  expreded  by  ED  ;  but  ED  is  equal  to  AD  : 
Therefore  the  Force  of  a  direct  Stroke  is  to  that  of  an  oblique 
one  as  AD  to  AB  ;  that  is,  as  Radius  to  the  Sine  of  the  Angle 
of  Obliquity,  or  Incidence. 

4.  Suppofe  A  to  be  a  Particle  of  Water,  Air,  &c.  then  fince 
all  Surfaces  are  as  the  Squares  of  their  like  Sides,  it  is  evident 
that  feveral  Quantities  of  Water ,  Wind ,  &c.  which  fall  in  va¬ 
rious  oblique  Directions  on  the  Float-boards  of  a  Wheel,  the  Rud¬ 
der  of  a  Ship,  the  Sails  of  a  Mill  or  Ship,  So c.  will  have  their  fe¬ 
veral  Forces  as  the  Squares  of  the  Sines  of  their  federal  Angles  of 
Incidence ;  and  therefore  are  eadly  computable.  See  Harris’s 
hcxdTech,  under  the  Word  Sail.  Motte’s  Mechanical  Powers. 

$•  °» 
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CHAP.  VI. 

Of  Light. 

T  TAVING  thus  taken  a  brief  Survey  of 

j|~J_  the  moft  general  and  effential  Pro¬ 
perties  of  Matter,  let  us  now  proceed  to  thofe 
which  are  more  particular,  called  the  fpecific 
or  accidental  Qualities  of  Bodies. 

A .  Why  are  they  called  fpecific  or  acciden¬ 
tal  ? 

B .  They  are  called  fpecific,  becauff  thereby 
the  leveral  Kinds  of  Bodies  have  their  Divi- 
fion  into  various  Species,  and  are  what  they 
are,  being  thus  differenced  from  one  another  : 
Thus,  Fire  by  Heat,  Glafs  by  Tranfparency , 
Liquors  by  Fluidity ,  Solids  by  their  Fixity , 
&c.  are  different  from  each  other;  and  are  ac¬ 
counted  particular  Species  of  Matter. 


5.  On  this  Principle  may  we  calculate  the  Ratio  of  the  Power 
and  Weight  fuftaining  each  other  in  Equilibria  on  an  Inclined 
Plane.  Let  the  Plane  be  AF  (Fig.  XI.  of  Plate  I,  fronting  ,p. 
25.)  on  which  the  Weight  W  is  fuftained  by  the  Power  P,  the 
Angle  of  Inclination  is  AFG.  The  Weight  touching  the  Plane 
in  the  Point  B,  thro’  the  Centre  E,  perpendicular  to  the  Plane, 
draw  ED  ;  and  perpendicular  to  the  Horizon  FG  draw  BC,  pa¬ 
rallel  to  which  draw  DH ;  then  will  BD  exp  refs  the  Force  where¬ 
by  the  Weight  gravitates  on  the  Plane,  DH  the  Force  whereby 
it  gravitates  towards  the  Earth,  and  BH  the  Force  whereby  it 
is  attradled  by  the  Power  P,  as  being  parallel  to  AE.  ButBH 
is  to  HD  (as  CD  is  to  BD)  as  AG  is  to  AF  ;  that  is,  the  Power 
P  is  to  the  Weight  W,  as  the  Height  of  the  Plane  AG  is  to 
the  Length  AF ;  or,  as  the  Sine  of  the  Inclination  to  Radius, 
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A.  Bat  you  do  not  fay  why  they  are  termed 

accidental  ? 

B.  I  was  juft  going  to  tell  you,  they  are 
thus  called,  becaufe  they  are  not  ejfential  to 
Matter,  but  happen  to  be  aPart  thereof  per  Ac¬ 
cident  ,  or  by  Accident;  for  it  is  purely  fo,  that 
one  part  of  Matter  is  difpofed  to  be  hot,  ano¬ 
ther  cold ,  another  dry ,  another  light,  another 
of  this  Colour,  and  another  of  that*. 

A,  Which  of  thofe  Qualities  will  you  be¬ 
gin  withal  ? 

B.  Light  •f* ;  this  being  the  moft  confider- 
able  and  wonderful  of  all  others ;  and  by  which 
all  Things  are  made  viiible  and  known. 

A .  Pray  what  do  you  call  Light  ? 

B,  That  Quality  of  certain  Bodies,  whereby 
they  become  viiible  to  us,  and  render  others 
fo. 

A .  What  is  the  true  Caufe  of  Light  in  thofe 
Bodies  ? 

JB.  No  Man  can  certainly  tell ;  however, 
fome  affirm  it  to  confift  in  the  extreme  vibrat¬ 
ing  Motions  of  the  Parts  of  thofe  luminous 
Bodies* 

A •  By 

*  What  is  here  faid  is  in  regard  only  of  the  Particles  of  mat¬ 
ter  in  themfelve?  conlidered  ;  for  no  doubt  the  all-wife  Creator 
had  perfect  Defigns  and  Ends  in  View,  in  his  Choice  and.  Diftri- 
bu don  of  the  Qualities  of  natural  Bodies  ;  and  which  we  mull 
therefore  look  upon  as  a  great  Balls  of  the  Do&rine  of  final 
Caufes . 

f  Arifiotle  defines  Light  to  be  ivepy h'c&tzI  JlacpmSf,  the  inter¬ 
nal  Aftion  or  Energy  of  pellucid  Bodies.  This  favours  too  tnucfy 
of  an  Hypothecs. 

Des  Cartes ,  and  his  Followers,  diftinguifh  two Kindsof  Light: 
(1.)  Friwi genial ;  which,  tfiey  fay,  confifts  in  a  certain  Motion  of 

th 
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A.  By  what  Means  doth  Light  come  to  af~ 
fedt  our  Eyes  ? 

B.  It  is  fuppofed  this  is  owing  to  a  very  fine 
astherial  Matter,  vaftly  rarer  and  finer  than  Air, 
which  is  the  Medium  by  which  the  Rays  of 
thofe  luminous  Particles  are  tranfmitted  or  pro¬ 
pagated  to  our  Eyes,  and  illuminate  them 
with  their  Light . 

A.  You  then  fuppofe,  I  find,  that  what  we 
call  Rays  of  Light  are  real  Bodies,  or  Particles 
of  Matter,  endued  with  the  Quality  of  Light , 
and  not  the  Quality  itfelf  J- 

Be  You  hit  it;  I  do  indeed  not  only  fuppofe 
it,  but  1  am  fure  of  it. 

A .  Are  you  indeed  !  then  I  am  fure  not  on¬ 
ly  myfeif,  but  thoufands  more,  have  been  long 

* 

the  Particles  of  a  lucid  Body ,  which  agitate  and  propel  the  fuh- 
tile  Matter  in  its  Pores  every  Way,  and  in  all  Directions. 
(2).  Secondary ,  or  derivative  Light ;  which  conftfts  in  Endea¬ 
vour  to  Motion ,  or  an  Inclination  of  that  fuhtile  Matter  to  recede 
from  the  Center  of  a  lucid  Body  in  fraight  Lines.  Such  are  the 
curious  Fictions  of  thefe  hypothetical  Philofophers. 

The  Newtonians  very  juftly  make  Primigenial  Light  to  con- 
fift  in  a  certain  Motion  of  the  Particles  of  luminous  Bodies ,  which 
force  out  and  off  the  Jaid  Bodies  certain  exceeding  and  inconceiv¬ 
ably  fmallP articles ,  which ,  with  incredible  Force ,  are  every  Way 
emitted  in  fraight  Lines  \  And  derivative  Light  to  confift  not  in  an. 
Endeavour  to  Motion,  but  in  a  real  Motion  of  thefe  Particles  emit¬ 
ted  from  Bodies ,  as  aforefaid.  See  Clarke's  Notes  on  Rohault’ s 
Phyfics,  Part  I.  Chap  xxviii.  Newton's  Optics.  Boerhaave' s  Chy- 
miitry,  with  Shaw’s  Notes,  Page  220,  &c.  Boyle’s  Experiments 
to  make  Fire  and  Flame  ponderable.  Harris’s  Lexicon,  under 
the  Word  Light.  Haukflee's  Experiments,  and  thofe  of  Defa - 
guliers ,  Qravcfande ,  &c.  Derham’ s  Phylico-Theology,  &c. 

J  Sir  Ifaac  Newton  computes  the  Force  of  Attraction  in  the 
fmall  Particles  of  the  Rays  of  Light  to  be  ioooooooooocoooo 
Times  greater  than  the  Gravity  of  Bodies  on  the  Surface  of  the 
Earth,  according  to  the  Quantity  of  Matter  which  is  in  them, 

rniftaken* 
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miftaken.  Pray  is  not  the  Sun  the  Fountain 
of  Light  originally  ? 

B.  No  :  He  is  only  the  greateft  Body  that 
emits  Light  in  our  planetary  Syjlem  :  Light  it- 
felf  being  a  Quality  innate  to  thofe  Bodies 
which  emit  it  naturally. 

A-  But  why  do  you  fay  naturally  ? 

IhBecaufe  opaque  or  darkBodies,when  heated 
beyond  a  certain  Degree,  will  emit  Light ;  and 
all  Bodies,  efpecially  fulphureous  ones,  having 
their  Parts  fufficiently  agitated,  do  ffiine  or  e- 
mit  Light:  Whether  this  be  by  Percuffion,  as 
t^uickjiher,  when  ffiaken  in  Vacuo  ;  or  by  At¬ 
trition,  as  a  Cat's  Back,  or  Horfes  Body,  &c. 
rubbed  in  the  Dark  ;  or  by  Putrefaction,  as 
happens  in  Woody  Flejh ,  &c.  when  putrefied  % 
or  by  any  other  Way. 

A .  Is  the  Motion  of  Light  inflantaneous  or 
fucceffive  ? 

B.  It  being  found  (by  Obfervation)  that 
Light  is  fucceffive,  or  propagated  in  Time, 
hath  at  length  ended  this  long  and  difficult 

Controverfy. 

» 

A.  By  what  Kind  of  Obfervations  is  this 
difcovered  ? 

jB.  Aftronomical  Obfervations ;  the  princi¬ 
pal  of  which  is,  that  of  the  Eclipfes  of  the 
Satellites  of  Jupiter ;  for  thofe  Eclipfes ,  when 
the  Earth  is  between  the  Sun  and  Jupiter ,  hap¬ 
pen  feven  or  eight  Minutes  too  foon  and 
when  the  Earth  is  beyond  the  Sun,  they  hap¬ 
pen  as  much  later  than  they  ffiould  by  the 
fables ;  the  Reafon  of  which  is,  that  Light 

hath 
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hath  farther  to  go  in  the  latter  Cafe  than  in  the 
former,  by  the  Diameter  of  the  Earth’s  annu¬ 
al  Orbit  *. 

A.  Why,  if  this  be  the  Cafe,  you  may 
nearly  compute  the  Motion  of  Light ;  can 
you  not  ? 

B.  Yes,  eafily ;  for  fince  the  Diftance  of  the 
Sun  from  the  Earth  is  known  to  be  about  81 
Millions  of  Miles,  if  that  Number,  viz. 
81000000,  be  divided  by  450,  the  Seconds  in 
74.  Minutes,  the  Quotient  will  be  180000 
Miles ;  and  fo  far  doth  Light  fly  every  Second 
of  Time. 

A ,  Pray  make  this  incredible  Swiftnefs  of 
Light  a  little  more  intelligible  by  Example. 

B.  I  will.  It  is  found  that  a  Bullet,  at  its 
firfl;  Difcharge  from  the  Muzzle  of  a  Cannon, 
flies  one  Mile  in  a  little  above  84.  Seconds,  and 
therefore  would  be  324.  Years  in*  arriving  to 
the  Sun  ;  hence  the  Proportion  of  Swiftnefs  in 
a  Ga?mon-Ball  and  Light ,  is  as  1  to  1530000 
nearly;  that  is.  Light  flies  one  million  five 

*  To  illuftrate  this  important  Difcovery,  let  ADEB  be  the 
Earth’s  Annual  Orb  (Fig.  XII.  of  Plate  I,  fronting  p.  25.)  C 
the  Sun,  I  the  Planet  Jupiter  in  his  Orb  HK,  and  S  a  Satellite 
juft  entering,  his  Shadow.  Let  D  and  E  be  two  Situations  of 
the  Earth  in  its  Orb,  whofe  Diftance  DE  is  equal  to  the  Semi- 
diameter  of  the  Orb  AC.  Now  it  is  plain,  that  if  the  Motion  of 
Light  were  infiantaneous ,  the  Satellite  S  would  appear  to  enter 
the  Shadow  at  the  fame  Moment  to  a  Spectator  in  E,  as  to  an¬ 
other  in  D  ;  but,  by  many  Years  Obfervations,  it  has  been  found, 
that  the  Immerfion  of  the  Satellite  into  the  Shadow  is  feen  at  D 
about  7!  Minutes  fooner  than  at  E,  which  is  81000000  Miles 
more  diftant ;  and  confequently,  as  Mr.  Romer  firft  obferved, 
the  Motion  of  Light  is  thereby  proved  to  be  progreJJinjey  and 
not  injiantaneous ,  as  was  formerly  believed. 

hundred 
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hundred  and  thirty  thoufand  Times  fafler  than 
a  Bullet  at  its  firft  Difcharge 

A.  Wonderful  are  the  Works  of  God  !  Not 
only  pafl  finding  out,  but  pafi  Belief,  when 
but  imperfectly  known  !  But,  pray,  what 
other  Properties  of  Light  are  difeovered  ? 

B.  Light  is  not  only  found  to  be  a  Body, 
but  it  is  alfo  found  to  confiff  of  Rays  tindtured 
with  all  the  original  Colours  in  Nature, 

A .  In  what  Order  are  the  Rays  of  Light 
found  to  be  coloured  ? 

B.  According  to  the  different  Degrees  of 
Refrangibility  in  the  Rays  :  From  Rays  lefs  re¬ 
frangible,  to  thofe  that  are  molt  fo,  the  Colours 
appear  in  this  Order,  viz.  Red ,  Orange ,  Tel- 
low,  Green ,  Blue ,  Indigo,  [deep  Violet .  But 
more  of  Colours,  when  we  difeourfe  diredtly 
thereof  by  and  by, 

A. .  Pray,  what  other  Affedtions  of  Light  are 
obfervable  ? 

B,  Its  Reflexibility  and  Refrangibility 

•  ’  "  A.  What 


*  See  DerhcwSs  Phyhco-Theology,  Book  I,  Chap.  4.  Note 
4tli  and  5  th. 

f  The  Reflexibility  and  Refrangibility  of  Light  make  the 
Subjedts  of  Catoptrics  and  Dioptrics ,  which  are  the  two  great 
Parts  of  the  moll  curious  and  delightfui  Science  of  Optics.  Sec 
Notes  f  and  \  in  Page  26. 

I.  Of  C  A  T  O  F  T  R  I  C  S. 

1.  Catoptrics  is  the  Science  of  Reflex  Vifon ,  or  that  which  is 
performed  by  Rays  of  Light  refledted  from  the  polifhed  Sur¬ 
faces  of  Mirrours  of  every  Sort  5  of  which  there  are  three  very 
®onfiderables  *viz$ 


Z.  Plane 
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A.  What  do  you  call  the  Reflexibility  of 

B.  The 


Light  ? 


2.  Plane  Mirrours,  or  Looking-Glafles,  the  chief  Properties 
of  which  I  have  taken  Notice  of  in  the  Text  above,  viz.  that 
all  Objeds  are  reprefented  in  their  Images  juft  as  far  behind  the 
M  irrour  as  they  are  really  before  it ;  that  they  appear  fituated 
on  the  fame  Line  ;  and  laftly,  that  the  Images  are  in  all  Refpeds 
alike  and  equal  to  the  ObjeHs  in  Magnitude. 

Convex  Mirrours,  or  fuch  whofe Surface  is  fpherically  round, 
as  MR  ( Fig.  XIII.  of  Plate  I,  fronting  p.  23  ;)  to  underhand 
theNatureof  which,  let  AB  bean  Objed,  from  the  Extremities/ 
of  which  A  and  B,  let  two  Rays  BD  and  AD  fall  upon  the  Mir- 
rour  in  the  Points  C  and  D  ;  let  PC  and  QD  be  perpendicular 
to  the  Convex  Surface  in  the  faid  Points  C  and  D  ;  then  make 
the  Angle  PCE  equal  to  the  Angle  BCP,  and  CE  (hall  be  the 
Ray  BC  refleded  ;  in  like  manner,  the  Angle  QpF  being  made 
equal  to  the  Angle  ADQ^  the  Ray  DF  fnall  be  AD  reflected. 
Now  it  is  evident  the  Objed  AB  will  be  fees  by  an  Eye  at  EF 
in  the  Diredion  of  the  reflected  Rays  EC  and  FD  ;  that  is,  in 
the  Focus  of  the  Mirrour  GH,  which  will  be  the  Image  of  the 
Object  AB. 

4*  By  thefe  Mirrours,  (1.)  all  Objects  appear  behind  the 
Glafs.  (2.)  Their  Images  are  all  ereti.  (3.)  The  Images  are 
all  lefs  than  the  Objed.  (4.)  Parallel  Rays,  or  fuch  as  come 
from  Objects  at  a  vail  Diftance,  have  their  Focus  or  Image  at  the 
Diilance  of  half  the  Radius  of  the  Convexity.  (3.)  Diverging 
Rays,  or  fuch  as  come  from  near  and  fmall  Objects,  are  repre¬ 
fented  nearer  the  Glafs  than  half  the  Radius.  (6.)  If  the  Di~ 
fiance  of  the  Objed  be  equal  to  the  Radius  of  Convexity,  the 
Image  will  be  painted  at  -§■  of  the  Radius  behind  the  Glafs. 
(7.)  In  converging  Rays  if  the  Diilance  of  the  Objed  be  lefs 
than  half  the  Radius  of  Convexity,  the  Focus,  or  Place  of  the 
Image  will  be  before  the  Glafs  ;  othenvife  always  behind  it. 
(8.)  If  the  Object  be  a  Right  Line ,  the  Image  will  be  a  Curve  ; 
it  the  Objed  be  a  Plane  Superficies,  it  will  be  reprefented  a 
curved  one. 

3.  Concave  Mirrours  are  fuch  as  are  fpherically  hollow  on  the 
polilhed  Surface,  or  that  next  the  Eye.  To  underitand  the  Pro¬ 
perties  thereof,  let  AB  (Fig.  XIV.  of  Plate  I,  fronting/.  23.) 
be  an  Objed,  BC  and  AD  two  Rays  from  the  Extremities  there¬ 
of  falling  on  the  Surface  of  the  Concave  Mirrour  MR  in  the 
Points  C  and  D  ;  they  will  be  refleded  thereby  into  the  Rays 
CS  and  DF,  in  the  Diredion  of  which  the  Image  of  the  Ob¬ 
jed  will  be  feen. 

6.  Whencq 
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JS.  The  Difpofition  of  the  Rays  to  be  re¬ 
flected,  or  turned  back  from  the  Surface  of 

any 

6.  Whence  it  is  plain,  (i.)  that  Rays  falling  on  fuch  a  Mir¬ 
rour,  are  by  Reflection  made  to  converge  or  interfeCt  each 
other,  as  here  in  the  Point  o.  (2.)  The  ObjeCt  AB  will  appear 
inverted  and  diminilhed  in  its  Image  ab ,  in  that  focal  Point  0, 
to  an  Eye  placed  farther  diftant  from  the  Glafs,  at  EF„ 
(3.)  If  the  Eye  be  placed  nearer  the  Glafs  than  the  Focus  0,  the 
Image  of  the  Objedt  AB  will  appear  behind  the  Mirrour,  and 
very  much  enlarged,  as  GH,  (4.)  Diverging  Rays  falling  on 
this  Mirrour,  if  the  Diftance  of  the  Objedt  be  iefs  than  half  the 
Radius  of  the  Concavity,  the  Image  will  be  behind  the  Glafs  ; 
If  greater,  before  it.  (5.)  Converging  Rays  form  the  Image  ai¬ 
rways  before  the  Glafs.  (6.)  Parallel  Rays  are  converged  to  a 
Point  at  the  Diftance  of  half  the  Radius  before  the  Glafs. 

7.  From  this  laft-mentioned  Property  of  a  concave  Mirrour, 
it  Is  eafy  to  underfland  how  they  become  Burning-glajfes  ;  for 
the  Rays  of  the  Sun  being  parallel ,  as  coming  from  a  vaftly 
diftant  Qbjedt,  all  of  them  which  fall  on  the  Surface  of  the  Mir¬ 
rour  are  collected  into  a  very  fmall  Space  or  Circle,  whereof 
the  Heat  will  be  to  that  of  the  Rays  uncolletPed,  as  the  Square 
of  the  Width  of  the  Mirrour  to  the  Square  of  the  Diameter  of 
the  Circular  Spot, .or  as  the  Area  of  the  Glafs  to  the  Area  of 
the  Spot.  The  Heat  then  being  thus  prodigioufly  augmented, 
will  burn  violently  in  that  Point  ;  which  is  the  Reafon  why  it 
is  called  the  Focus. 

II.  Of  DIOPTRICS. 

1.  This  Part  of  Optics  confiders  the  Nature  of  Villon  by 
Rays  of  Light  refradled  through  different  Mediums ,  but  princi¬ 
pally  through  Glajs  in  thofe  Forms  we  call  Lenfes * 

2.  Of  Lenfes  there  are  five  principal  Sorts,  viz.  ( 1 .)  A  Plano¬ 
convex,  marked  A,  (Fig. XV.  of  Plate  I.  fronting/.  25.)  which 
has  one  plane  Surface,  the  other  a  convex  one.  (2.)  A  Double- 
convex ,  as  B,  which  has  both  Surfaces  convex.  (3.)  A  Plano¬ 
concave,  as  C,  which  hath  one  plane ,  the  other  a  concave  Sur¬ 
face.  (4.)  A  Double-concave ,  as  D,  which  has  both  Surfaces 
concave.  (3.)  A  Convex  concave ,  as  E  ;  or.e  of  whole  Sides  is 
convex,  and  the  other  concave.  This  Lens  is  ufually  called  a 
Menifcus.  The  Line  FG  is  the  Axis  common  to  each  of  thofe 
Lenfes,  as  palling  through  their  middle  or  vertical  Point. 

3.  Let  LN  be  a  double-convex  Lens  in  Fig.  XVI.  of  Plate  III, 
fronting  p.  6  z  ;  or  a  double- concave,  as  Fig.  XVII.  of  Plate  III, 
fronting  p.  62.  AV  -and  BU  the  Radii  of  their  Convexities 

and 
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any  Bodies  on  which  they  fall :  Thus  the  Ray 

-  *  aB 

and  Concavities,  which  are  here  equal ;  from  any  Point  C  irj 
the  Axis,  fuppofe  a  Ray  CD  proceed  diverging,  and  fall  on  the 
Surface  of  the  Lens  at  D,  to  the  Point  D  draw  BD  perpendi¬ 
cular,  then  the  Ray  palling  through  the  denfer  Subllance  of 
Glafs  will  be  bent  out  of  its  Courfe  CE  towards  the  Perpendi¬ 
cular  DB,  and  fo  be  refradted  from  D  to  E  on  the  other  Sur¬ 
face  ;  draw  the  Perpendicular  AG  through  the  Point  E,  then 
the  Ray  DE  palling  out  of  Glafs  into  Air ,  will  be  refradted  from 
its  fecond  Courfe  DH,  into  a  thirdCourfe  El  fr-om  the  Perpen¬ 
dicular  EG  or  AE.  Now  it  is  evident  from  the  Schemes,  that 
the  Ray  El  is,  by  the  Convex  Lens,  made  to  converge  towards 
the  Axis,  and  to  interfedl  it  in  I ;  but  in  the  Concave  liens,  the 
fame  Ray  E  is  made  to  converge  from  the  Axis.  And  this 
would  have  been  the  Cafe  of  a  Plano-convex ,  and  a  Plano-con¬ 
cave  Lens ,  with  little  Variation. 

4.  Concerning  the  various  Properties  of  all  Varieties  of  Len- 
fes,^nd  Rays  incident  upon  them,  fee  Mr.  Molineaux's  Optics, 
Dr.  Gregory's  Elements  of  Catoptrics  and  Dioptrics,  with  Dr. 
Brown' s  Supplement  thereto,  and  Mr.  Rowning9 s  Compleat 
Syllem  of  Philofophy,  Part  III.  All  which  may  be  feen  con¬ 
firmed  by  Experiments  in  Gravefande's  Math. Elements  of  Natu¬ 
ral  Philof.  Vol.ir.  Book  III.  Part II. 

What  is  here  obferved  of  the  Nature  of  Lenfes  in  general,  is 
fufficient  for  underlfanding  the  Strudture  and  Effedts  of  dioptric 
Machines ;  as  the  Micro/cope,  Felefcope ,  Camera  Obfcura ,  and 
Magic  Lantern . 

III.  Of  the  MICROSCOPE. 

I.  Let  DE  be  the  Objedf- Glafs,  and  FG  the  Eye-Glafs  of  a 
Microfcope ;  Fig,  XVIII.  of  Plate  III,  fronting  p .  62  ;  abc  a  fmall 
Objedl.to  be  viewed  by  the  Eye  at  P.  Draw  the  dotted  Line  or 
Axis  aA  through  the  Centre  of  the  Lens  DE,  and  let  AD  be  a 
Ray  proceeding  from  the  extreme  Point  a  of  the  Objedf,  and 
incident  on  the  outmoft  Part  D  of  the  Lens ;  this  will  be  refradted 
into  the  Diredtion  DA,  and  interfedl  the  Axis  in  the  focal  Point 
A.  In  like  Manner  a  Ray  aE ,  incident  on  the  other  Side  E,  will 
be  refradted  into  E  A,  meeting  the  Axis  in  the  fame  Point  A.  So 
that  the  whole  Cone  of  Rays  D*zE  will  be  refradted  into  the  Cone 
DAE  ;  and  therefore  the  Extremity  a  will  be  reprefented  at  Ah 
In  the  fame  Manner  the  Cones  D£E  and  DcE  will,  after  Refrac¬ 
tion,  become  DBE  andDCE  ;  confequently,  the  three  Points  a* 
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aB  falling  on  the  Surface  AC,  in  the  Point  B, 

is 

c,  will  be  reprefented  in  the  Image  at  A,  B,  C ;  and  all  Points 
between  the  former  will  be  painted  hmilarly  between  the  latter. 

2*  Therefore  the  fmall  Objedl  abc  will  have  its  Image  formed 
fn  the  Focus  ABC  ;  and  the  Image  will  be  in  Proportion  larger 
than  the  Objedl,  as  the  Dillance  of  the  Image  is  greater  than 
the  Dillance  of  the  Objebt  from  the  Glafs  DE.  Aifo  the  Por¬ 
tion  of  the  Objebt  will  be  inverted  in  its  Image,  as  is  evident 
from  the  Figure. 

3.  The  Image  ABC  is  now  to  be  confidered  as  an  Objedt 
viewed  through  the  Eye-Glafs  FG.  Now  it  is  to  be  voell  noted , 
that  Rays  falling  parallel  on  equally  convex  Lenfes  are  collected 
together  in  the  Centre  of  Convexity  ;  therefore  if  the  Image 
ABC  be  placed  in  the  Centre  or  Focus  of  the  Eye-Glafs  FG, 
all  the  Rays  coming  from  it,  after  Refradtion  through  the  Glafs, 
will  proceed  parallel  till  they  arrive  at  the  Pupil  of  the  Eye  at 
P  ;  and  that  they  Ihould  do  thus,  is  neceffary  to  caufe  diftindt 
Vifion. 

4.  In  the  Pupil  P,  the  Rays  all  crofs  each  other  again,  and 
by  the  cryjlalline  Humor  (def)  are  collected  or  united  in  the 
Focus,  which  is  on  the  Retina  in  the  Botiom  of  the  Eye,  and 
there  the  fecond  Image  abc  is  formed  in  its  true  Pofition,  like 
that  of  the  Objedt  abc.  Yet,  notwithftanding  this,  the  Mind 
conceives  the  Idea  of  the  Object  as  inverted,  the  Reafon  of 
which  odd  Phenomenon  I  lhall  not  here  enquire,  but  proceed  to 
the  Conltrudtion 

IV.  Of  TELESCOPES. 

1.  The  frit  Telefcope  I  lhall  confider  is  that  called  a  Profpec •, 
tive-Glafs ,  (Fig.  XIX.  of  Plate  III,  fronting  p.  62.)  confining 
of  a  Convex  Objefil-Glafs  CD,  and  a  Concave  Eye -Glafs  EF, 
which  is  to  be  fo  placed,  that  the  Focus  9  or  Centre  of  each  Lens, 
may  fall  on  the  fame  Point,  or  coincide  ,  then  lhall  parallel  Rays 
coming  from  any  Objedl  AB,  and  refradted  by  CD  towards  EF, 
by  palling  through  EF,  be  again  made  parallel ,  and  confequently 
fit  to  produce  diftindl  Vifion.  (1.)  This  Glafs  fhevvs  Objects 
ere  fit ;  for  the  Rays  do  not  crofs  or  interfedl  each  other  any 
where,  which  alone  caufes  Objects  to  appear  inverted.  (2.)  It 
magnifies  Objects  in  the  Proportion  of  the  focal  Difiance  of  the 
convex  Lens  D,  to  the  focal  Dillance  of  the  concave  one  EE. 
(3.)  In  this  Glafs  no  more  of  the  Gbjedl  is  feen  at  one  View, 
than  what  falls  on  the  Pupil  of  the  Eye  I;  which  therefore  is 

near 
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is  reflected  or  turned  back  again  in  the  Direc¬ 
tion  Bd.  See  Fig.  IX.  of  Plate  IV,  fronting 
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rear  ;  and  large  Objedls  is  but  a  very  fl mall  Part,  and  fo  this 
Glafs  is  in  fuch  Cafes  but  of  little  Ufe. 

2.  A  fecond  Sort  of  Telefcope  is  that  confiding  of  two  Lenfej 
alfo,  but  both  convex  ones,  as  AH  and  BI  ( Fig.  XX.  of  Plate 
III,  fronting  p.  62.)  Let  K  be  the  Focus  of  both  Lenfes,  then 
will  the  Image  of  a  daftly  didant  Objedt  EF  be  there  formed 
and  appear  inverted  to  an  Eye  placed  in  the  Axis,  MG,  any 
where  behind  the  Lens  BL.  On  this  Account  it  is  feldom  ufed, 
unlefs  to  view  the  Heavenly  Bodies,  whofe  Pofition  is  not  re¬ 
garded.  This  Glafs  alfo  magnifies  Objedls  in  Proportion  of  the 
Focal  Didance  of  the  Objedt-Lens  QK  to  the  Focal  Didance  of 
the  Eye-Glafs  KL.  In  this  Telefcope,  fo  much  of  the  Objedt 
is  feen  at  one  View  as  falls  on  the  whole  Surface  of  the  Objedt- 
Glafs.  ,  ; 

^  3.  The  third  Sort  of  Telefcope  is  that  in  common  Ufe  for 
viewing  Land-Objedts ;  and  confids  of  one  Objedt-Glafs  AH 
( Fig.  XX.  as  above)  and  three  Eye-Glades,  all  of  the  fame 
Focus ,  as  B,  C,  D.  Hence  it  is  plain  this  is  the  fame  with  the 
foregoing  Telefcope,  only  with  the  Addition  of  the  two  Eye- 
Glades  C  and  D  ;  for  whereas  the  Object  war,  before  inverted 
in  the  Focus  K,  by  adding  the  Glafs  C,  it  will  be  again  made 
ere d  in  its  Focus  O,  and  will  fo  appear  to  an  Eye  I,  placed 
behind  the  third  Glafs  D,  if  the  Focus  both  of  C  and  D  be 
made  to  fall  on  the  fame  Point  O.  This  Telefcope  then  ihews 
Objedls  ereCi,  and  is  in  other  Refpedls  the  fame  as  the  lad  fore¬ 
going^  See  Note  *,  in  Page  22. 

4.  The  fourth  Sort  of  Telefcope  is  that  lately  invented  by  Sir 
Jfaac  Nevjton ,  called  the  Reflecting  or  C^/Wzc^/nVTelefcope.This 
confids  of  a  T  ube  ABCD,two,  three,  or  four  Feet  long  ( Fig.XX  I. 
of  Plate  HI,  fronting  p.  62.)  which  is  open  at  the  End  towards 
the  Objedt  CD,  and  at  the  other  End  is  placed  a  concave  Me¬ 
talline  Mirrour,  as  AB,  perforated  through  the  Middle  at  e  ;  at  a 
proper  Didance  is  placed  another  fmall  concave  Mirrour  E  (in 
the  Axis  of  the  Tube)  which  is  fupported  by  the  Stem  or  Foot 
F.  The  two  Mirrours  are  fo  difpofed,  that  the  Focus  of  each 
may  fall  on  the  common  Point  h  between  them  ;  then  the  Image 
of  any  Objedl  entering  the  Tube,  as  ab ,  and  falling  on  the  large 
Mirrour  AB  in  the  Point  dc ,  is  from  thence  reflected  between 
the  Rays  dh  and  ch  to  the  Focus  b ,  where  the  Rays  eroding, 
invert  the  Image,  as  at  ik  ;  and  this  Image  being  now  alfo  in 
the  Focus  of  the  Mirrour  E,  after  falling  thereon  in  the  Points 
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A.  In  what  Manner  or  Order  is  this  ? 

B.  The 

f,  g,  it  will  be  reflected  from  thence  back  again  in  parallel  Rays > 
which  pafs  through  the  Hole  e  of  the  great  Mirrour,  and  falling 
on  a  Convex  Lens  at  G,  do  again  crofs  each  other  in  its  Focus 
m,  and  there  reprefen  t  the  Image  ere  Si  to  be  viewed  by  an  Eye 
I,  through  the  Eye-Glafs  H,  whofe  Focus  is  alfo  in  m. 

5.  This  Telefcope  magnifies  the  Diameters  of  Objects  in  the 
Proportion  of  the  Focal  Diftance  of  the  ObjeCt  Mirrours  to  the 
Focal  Diftance  of  the  Eye-Glafs,  as  do  the  other  Telefcopes  5 
but  in  this,  by  Reafon  of  the  Reflection  of  Rays,  an  Eye-Glafs 
with  a  much  fhorter  Focus  may  be  ufed,  than  in  the  common 
ones  by  Refradtion  ;  and  therefore  a  Reflecting  Telefcope  of  fix 
Feet  in  Length  will  magnify  an  Objedt  as  much,  as  a  Refracting 
one  100  Feet  long  ;  on  which  x4ccount  they  are  now  in  much 
Efteem,  though  there  be  many  Difficulties  in  them  alfo. 

6.  If  the  Focal  Diftance  of  the  Objedt-Glafs  or  Mirrour  (in 
any  Telefcope)  be  50  Inches,  and  that  of  the  Eye-Glafs  one 
Inch  ;  then  will  the  Diameter  of  a  diftant  Objedt  be  magnified 
50  Times;  the  Surface  2500  Times ;  and  the  Solidity  of  the 
whole  Body  125000  Times. 

V.  Of  the  CAMERA  OBSCUR  A. 

?.  The  Camera  Obfcura,  or  Dark  Chamber,  is  nothing  but 
a  Chamber,  Room,  or  Box  darkened,  and  a  Convex  Lens  fixed 
m  a  Hole  made  in  one  Side  thereof, as  at  Cf  Fig.  XXII.  of  Plate 
III.  fronting  p.  62.)  through  this  Lens  any  Objedt  before  it 
without,  as  AB,  a  Tree  for  Inftance,  will  have  its  Image  carried 
through  the  Lens  between  the  Rays  AC  and  BC  ;  which  pro¬ 
ceed  to  the  other  Side  of  the  Room  (fuppofed  to  be  at  the  Focal 
Diftance  of  the  Lens  C)  where  they  paint  the  Image  of  the 
Objedt  in  the  moft  lively  Colours,  far  beyond  the  Imitation  of 
the  beft  condudted  Pencil,  in  regard  of  Colouring,  and  with 
refpedt  to  the  Motion  of  every  Part  moved  in  the  Objedt ;  this 
is  allowed  fuch  an  inimitable  Perfedtion,  as  is  peculiar  to  Na¬ 
ture's  Painting  only.  Indeed  the  Image  ab  is  inverted,  and  is 
in  Proportion  to  the  Objedt,  as  its  Diftance  Cd  from  theGlafs 
to  the  Diftance  DC  or  the  Objedt. 

2.  If  the  Objedt  be  placed  at  the  Diftance  of  twice  the  Ra¬ 
dius  of  the  Convexity  of  the  Lens,  the  Image  fhall  be  exadtly 
as  big  as  the  Objedt.  Note,  I  here  fuppofe  the  Lens  C  to  be 
doubly  and  equally  convex.  T  he  only  Time  for  making  a  dark 
Chamber,  is  when  the  Sun  Urines;  for  unlefs  the  Objects  are 
ftrongly  enlightened,  the  Pidture  will  be  obfcure  and  little 
worth.  The  Sly  Optric  Bali,  with  its  Glades,  is  moil  com¬ 
monly  and  conveniently  ufed  for  this  Purpofe. 


VI.  The 


Of  the  Refraffion  of  Light.  6; 

B.  The  Law  of  Reflection  of  Lirht  is  in¬ 
variable  ;  for  the  Angle  aBc,  of  the  incident 
Ray  a B,  is  ever  equal  to  the  Angle  cBd,  of  the 
reflected  Ray  Bd,  and  the  Perpendicular  rB. 
See  Big.  IjC.  of  Plate  IV ,  fronting^*,  yo. 

A.  What  do  you  mean  by  the  Refransibi- 

lity  of  Light  1  6 

B.  The  Difpofition  of  the  Rays  of  Light  to 
be  refradted,  or  broken  out  ot  their  diredt 
Courfe,  in  palling  through  one  tranfparent 

into  another  :  Thus  the  Ray 
ah,  palling  through  the  Medium  of  Air  to  B, 
nnd  there  firiking  on  the  Surface  of  Water 
AC,  is  refradted  or  broken  cut  of  its  diredt 
Courfe  BE, into  another  BF,  towards  the  Per¬ 
pendicular  EG.  See  Fig.  X.  of  Plate  IV, 
fronting  p.  70. 

A.  Doth  the  Refrangibility  of  Rays  alfo  ob¬ 
serve  any  Hated  Law  or  Order  ? 

A.  Yes  :  for  the  Line  HI,  of  the  Angle  of 
Incident  CBH,  is  always  in  the  fame  Prooor- 
tiuii  to  the  Line  MK==IK.,  of  the  Angle  of  Re* 


VI.  The  MAGIC  LANTHORN. 

t  '}*}]***  ^een  Note,  it  is  eafy,  from  a  bare 

In  fp  eft  ion  of  Fig.  XXIII.  of  Plate  111,  fronting  p.  62 ,  to  under- 

Anrr\t?  ^  Ca  °n.  ^  ^'e^s  of  a  Magic  Lanthorn.  Let 

Ai3 DE  be  a  Seftion  thereof,  C  a  Candle  placed  therein,  F  a 

large  Convex  or  Hemifpheric  Lens,  which  ftrongly  illuminates 
the  inverted  Piftures  m  the  Plate  GH  ;  the  Light  coming  from' 
any  one  of  tliefe,  as  ab ,  is,  in  palTing  through  the  Lens  LM, 
made  to  fpread  and  diverge  very  much,  and  confequently  to 
paint  a  very  large  Image  AB  on  the  Wall,  or  any  Thing  in  the 
hocus  of  thofe  Rays.  If  this  Image  be  a  Ghofi,  the  Devil,  &c. 
it  appears  very  terrible  and  furprifing  to  the  Spefta4tors  who  are 
unacquainted  with  the  Nature  ox  dioptric  Machines. 


fradtion 
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fraction  GBF  ;  as  4  to  3  in  Water ;  and  as 
1 7  to  11  in  Glafs .  See  FYg\  X.  of  Plate  IV, 
fronting  p.  70 

What  may  we  learn  by  this  Doflrine  of 
the  Reflexion  of  Light  ? 

B»  The  Reafon  why  Objects  appear  juft  as 
far  behind  any  Plane  Speculum ,  or  Looking - 
Glafs,  as  they  really  are  before  it,  and  the  fame 
Way :  Thus,  fuppofe  AC  the  Seflion  of  a  Look » 
mg- Glafs,  it  is  plain  any  Objedt  placed  before  it 
at  a,  as  th  z  Arrow,  will  appear  juft  fo  far  behind 
the  Glafs  AB  as  E,  and  directed  to  the  fame 

*  The  Proof  of  this  Experiment  Is  eafyv  and  may  he  as' fol¬ 
lows.  Let  ABD  be  a  Semicircle  (Fig  XXIV.  of  Plate  III, 
fronting  /).  62.)  large  and  duly  graduated  ;  C  the  Centre  thereof, 
before  which  is  to  be  placed  a  Prifm  of  Glafs,  reprefented  by 
prs,  the  upper  Plane  or  Side  of  which  pr  mud  be  fixed,  paral¬ 
lel  to  the  Horizon,  ortoAD,  Suppofe  the  Angle  of  the  Prifm 
psr  be  60  Degrees,  then  will  the  Angle  pst  be  30.  Let  Ir  be 
a  Ray  incident  on  the  Prifm  in  the  Point  a ;  if  this  Incidence  be 
iueh,  that  the  Ray  entering  the  Medium  of  Glafs  be  refraded 
into  the  Direction  af,  parallel  to  the  Horizon  AD,  it  fhall 
emerge  out  of  the  Glafs  into  the  Air  in  the  Diredion  CR* 
making  the  Angle  RCD  equal  to  the  Angle  ICA.  Now  in 
order  to  find  this  Angle,  draw  through  a  the  Line  hb  perpen¬ 
dicular  to  the  Side  of  the  Prifm  pr,  and  alfo  gd  parallel  to  the 
Horizon  AD,  then  fhall  the  Angle  had  be  the  Angle  of  Re¬ 
fraction  in  the  Prifm  as  required,  which  is  known,  as  being 
equal  to  the  Angle  .pst,  or  30  Degrees. ;  therefore,  if  the  Ratio 
of  the  Sine  of  Incidence  be  to  that  of  Refradion  as  17  to  nr 
out  of  Air  into  Glafs,  it  will  be,  as  n  to  17,  fo  is  the  Sine 
of  bad—  300  to  the  Sine  of  Incidence  lahzz 50°  45',  nearly  ; 
from  which  take  gah— 30,  there  will  remain  gal  equal  to 
ICA— 200  45';  and  fince  any  Objed  at  I  under  the  Angle 
20°  45'  does  adually  appear  to  an  Eye  at  R  under  the  fame 
Angle,  it  proves  the  Truth  of  the  faid  Ratio .  And  this  al¬ 
ways  will  be  the  Cafe,  be  the  Angle  of  the  Prifm  what  it  will- 

If  the  Figure  prs  were  an  hollow  Glafs  Prifm,  this  filled 
with  various  Sorts  of  pellucid  Liquors,  would  exaclly  fhew  the 
different  refradive  Powers  of  thofe  Liquors.  Alfo,  a  Piece  of* 
Looking-Glafs  placed  horizontally  at  C,  (hews,  that  the  Angle 
of  Incidence  ICA  is  equal  to  the  Angle  of  Refledion  RCD. 

Point 
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Point  in  the  Glafs  B :  For  all  Objects  appear 
in  that  Ray  E d,  that  meets  the  Eye  in  d,  be  it 
any  how  refleded  or  refraded.  See  Fig.  IX. 
of  Plate  IV,  fronting^).  70. 

A.  And  are  our  Eyes  thus  deceived  by  the 
Refradion  of  Light .? 

B.  Beyond  your  Imagination,  I  believe. 

A.  Aye,  indeed  !  Pray  oblige  me  with  an* 
Example  how,  and  in  what  Refpeds  ? 

^  -B*  I  will  ;  and  that  by  a  very  vulgar  Expe¬ 
riment  :  Suppofe  AGHB  be  a  Fzjfzf  whofe 
Length  GH  is  56  Inches  ;  let  any  Objed,  as  a 
Half-Crown,  be  placed  cxadly  in  the  Middle 
thereof  at  F ;  then  let  the  Veffel  be  filled  with 
Water  to  the  Height  CD,  24  Inches;  let  FP 
be  a  Ray  of  Light  palling  from  the  Objed  F 
to  P,  but  there  meeting  with  the  Air,  is  re¬ 
dded  towards  N,  and  becomes  PN.  Now 
it  is  evident,  an  Eye  placed  in  N  cannot,  by  any 
Means,  lee  the  Objed  F  (ror  the  Sight  is  inter-* 
rupted  by  the  Side  of  the  V °ffel  at  ej  before  the 
Water  is  poured  into  the  Vefel ;  after  it  is 
poured  in,  the  Eye  at  N  will  indeed  fee  the 
Qojed  F,  yet  not  in  its  true  Place  at  F,  but  in 
another,  dillant  154  Inches,  at  E  ;  alfo  to  an 
Eye  placed  perpendicular  over  the  Objed  F, 
it  will  appear  to  be  in  Q.,  and  the  whole  Bot¬ 
tom  of  the  Veffel  will  feem  elevated  to  IK,  the 
Height  of  FO,  11  Inches.  See  Fig.  XL  of 
Plate  IV,  fronting  p.  70. 

A.  Well,  it  is  very  wonderful,  as  well  as 
diverting  and  improving,  to  fee  and  confider 
of  thefe  Things  :  I  could  not,  indeed,  have 
thought  that  Things  placed  fo  far  out  of  Sight 

£  3  could 
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could  thus  be  made  vifible ;  and  that  we  fhould 
behold  them  in  Places  fo  far  diftant  and  diffe¬ 
rent  from  the  true  :  It  is  well  we  have  Reafon. 
to  guide  ns,  for  I  perceive  our  mod  exquifite 
Senfes  are  fallible,  and  often  deceived. 

JS.  It  is  true,  our  Senfes  are  liable  to  Decep¬ 
tion,  and  it  is  well,  for  us  in  many  Cafes  they 
are  ;  for  as  I  go  on^  I  fin al  1  often  fhew  you  the 
Advantages  which  accrue  to  us  thereby,  and 
from  the  Caufes  thereof  particularly  the  Re¬ 
flection  and  Refraction  of  Light . 

A.  Plow  came  Bodies  firft  of  all  to  he  en¬ 
dued  with  this  wonderful  Property  of  Light  ? 

B.  By  the  omnipotent  Fiat  of  the  great 

Creator;  he  laid  EJlo  Lux,  let  there 

be  Lights  and  immediately  there  was  Light ; 
and  the  flupendous  Body  of  the  Sun  was  cre¬ 
ated,  as  it  were,  a  Repository  or  Store-Hoafe 
thereof,  whence  it  was  to  be  diftributed  to  e- 
very  Part  of  the  Planetary  Syflem ,  in  order  to 
make  the  Whole  vifible,  and  ufeful  to  the  va¬ 
rious  Inhabitants  thereof. 

A.  Can  you  give  any  Account  of  the  Small- 
nefs  of  the  Particles  of  Light  t 

B.  Yes :  It  is  computed,  that  in  a  Second  of 
a  Minute,  there  flies  out  of  a  burning  Candle 
the  following  Number  of  Particles  of  Light , 
4i866oooooooooooooooocoocoocoooooooooooqoooco5 
which  is  10  000  000  ooc,  or  ten  millions 
of  millions  Times  a  bigger  Number  than 
1 occooocoooooooooocoooooooooooooo  ; 
the  Number  of  the  Grains  of  Sand  computed 
to  be  contained  in  the  whole  Earth 

*  Srn  the  Calculation  in  'Sie'voentyt's  Relig.  Philofopher. 

4  chap. 
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C  H  A  P.  VII. 


Of  the  Colours  of  Light,  and  na¬ 
tural  Bodies. 


A.  XT  OV/,  if  you  pleafe,  Sir,  let  us  turn 
i\j  our  Difcourfe  to  the  Phenomena  of 
Colour:  And  firft,  be  pleafed  to  define  what 
Colour  is. 

B.  Colour  is  that  which  arifeth  from  a  cer¬ 
tain  Quality  of  Bodies,  whereby  they  are  dlf- 
pofed  io  to  modify  and  refiedt  the  Light  fall¬ 
ing  on  them,  and  finking  on  the  Organ  of 
Sight,  as  thereby  to  occafion  or  produce  the 
Senfation  oi  Colour  in  our  Minds  ;  And  that 
Senfation  in  us  is  alfo  called  Colour . 


A.  Whence  is  the  Original  of  Colours  ? 

£>.  All  the  Colouring  in  the  Univerfe  proceeds 
originally  from  the  Rays  of  Light ;  for  in  them 
are  contained  all  the  primary,  original,  and 
abfolutely  pure  and  unmixed  Colours  *. 

A .  Which 


.  *  &es  Cartes  pretended,  that  Colours  refulted  from  the  Rela* 
tion  of  the  direft  and  circularMotion  of  Etherial  Globules ;  if  the 
Direct  be  dower  than  the  other.  Red  is  produced  ;  if  more  rapid, 
Violet ;  and  the  others  between  thefe  Extremes  accordingly. 

Dr.  Hooke  fuppofed  they  confided  in  the  Obliquity  of  thePulfes 
of  the  Ethereal  Matter.  Malbranche  made  them  the  Effect  of  Vi¬ 
brations  of  Light,  more  or  lefs  quick.  Regnault  has  a  particular 
Hypothecs  on  this  Head  in  his  Phil.  Con-verfations ,  Vol.  II. 
Page  391,  remarkable  for  nothing  but  Novelty,  and  the  Pre¬ 
sumption  of  the  Author.  The  great  Barrow  imagined  that  Go¬ 
bi  4.  lour? 
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A,  Which,  and  how  many,  are  thofe  pri¬ 
mary  and  original  Colours  ? 

B.  Thofe  which  follow  :  i.  Red ,  2.  Grange , 
3.  Yellow ,  4*  Green>  5.  J3/W,  6.  Indigo ,  7.  PA- 
let. 

A .  How  are  thofe  Colours  difcerned  and 
diftinguifhed  in  the  iTayj  of  Light  ? 

B.  By  Means  of  the  different  Degrees  of  its 
Refrangi'bility ;  for  thofe  Rays  which  are  lead 
refrangible,  are  tinctured  with  Red,  and  paint 
that  Colour  on  Bodies ;  and  thofe  which  are 
rno ft  refrangible,  are  Violet  and  Purple,  and 
paint  Bodies  therewith  ;  and  the  intermediate 
Degrees  of  refrangible  Rays  are  dyed  with  the 
intermediate  Colours ,  irfthe  Order  before  men¬ 
tioned 

A.  By  what  Experiment  do  you  prove  this 

Dodtrine  ? 

B.  By  this  eafy  one  following:  In  a  Cham¬ 
ber  made  dark,  make  an  oblong  Hole  in  the 
Window-Shutter  at  F,  about  \  of  an  Inch  in 
Breadth,  through  which  will  enter  the  Sun 
Beam  FH  \  and  a  large  Prifin  ABC,  placed  at 
about  20  Feet  from  the  Hole,  will  refradt  the 
Rays  of  this  Beam  ;  after  which  they  will  a- 
gain  unite,  and  become  a  white  Beam  at  H, 

that  Colours  confined  in  a  condipated  and  rare  Light,  But  Sir 
Ifaac  NevMon  has  {hewn  the  Errors  of  Hypothefes  about  Co* 
lours  ;  and  proves  the  Truth  of  his  own  new  Doctrine  by  un-* 
deniable  Experiments. 

*  Light  is  fuppofed  to  be  more  or  lefs  rejlexible  or  refrangible , 
as  the  Particles  thereof  are  of  a  lefier  or  greater  Magnitude  ; 
the  Particles  of  Red  Light  being  the  greated,  and  thofe  of  Vio¬ 
let  the  lead,  of  all  others  ;  thefe,  therefore,  excite  the  lead, 
and  thofe  the  larged  Vibrations  in  the  Oft'ic  Nerve,  which  oc* 
different  Senfations, 

where 
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where  let  be  applied  an  opaque  Body  GHI,  at 
theDiftanceof  two  or  three  Feet  from  thePrifm, 
in  which  let  there  be  an  oblong  Hole  made  at 
H>  to  or  do  of  an  Inch  in  Breadth,  through 
which  the  white  Part  of  the  Beam  being  trans¬ 
mitted,  and  made  to  fall  on  a  Piece  of  white 
Paper  placed  after,  will  there  paint  the  primi¬ 
tive  original  Colours  of  Light-,  fuppofe  Red  at  t> 
Yellow  at  j,  Green  at  r,  Blue  at  q,  and  Violet 
at  P.  Fig .  XII.  of  Plate  VIII,  fronting/>.  120. 

A.  Very  good  ;  and  what  is  the  Confe- 
quence  of  all  this  ? 

B.  Why  then,  with  aPiece  of  Wire  R  (or 
any  opaque  Thing  about  fo  of  an  Inch  thick) 
you  may,  by  intercepting  the  Rays  at  k,  /,  m ,  n , 
0 ,  take  away  any  one  of  the  Colours  at  a,  s,  r,  q , 
or  P,whilft  the  other  Colours  remain  as  before. 

A.  What  do  we  learn  by  this  Experiment  ? 

E.  Firjl,  That  the  Rays  of  Light  paint  na¬ 
tural  Bodies  with  different  Colours .  Secondly , 
That  the  leaft  refrangible  Rays,  as  t ,  paint 
Red;  and  the  mod  refrangible  ones, as  P,  paint 
the  deep cR  Violet  Purple;  and  that  other  inter¬ 
mediate  refrangible  Rays  paint  the  other  inter¬ 
mediate  Colours.  Yhirdiy ,  That  thole  Diffe¬ 
rences  of  Colour  are  abfolutely  and  really  exift- 
ing  in  the  Rays  of  Light ,  and  do  not  arife 
from  the  different  Confines  of  Shadow,  vari- 
oufly  modifying  the  Light ,  as  has  hitherto 
been  the  Opinion  of  Philofophers. 

A .  I  think  it  feems  from  hence,  as  if  you 
would  infinuate,  that  Colours  are  not  connate 
with  Bodies,  or  naturally  in  them,  but  painted 
on  them  by  the  Rays  of  Light  ? 


B.  It 
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B.  It  is  very  true;  Colours  only  are  in  the 
Rays  of  Light ,  not  in  Bodies ;  and  all  Bodies 
are  of  the  fame  Hoe  in  the  Dark,  and  appear 
differently  coloured  only  by,  and  in  the  Light . 

A.  Strange  Dodtrine  this !  I  am  apt  to  think 
you’ll  perfuade  very  few,  that  Colours  are  notin 
Bodies,  when  they  conftantly  fee  all  around 
them  tinged  with  fuch  an  agreeable  Variety. 

If  they  will  not  be  convinced  by  Reafpn 
and  Experience,  they  mull;  remain  ignorant, 
and  hill  poflefs  their  Prejudices  and  Errors. 

A.  But,  according  to  this  Notion  of  Colours , 
how  comes  it  to  pafs,  that  fome  Bodies  are  all 
of  one  Colour ,  fome  all  of  another,  and  fome 
of  fo  many  different  Colours  ? 

B.  This  is  eafily  conceived;  for  the  Matter 
of  fome  Bodies  univerfaily  reflects  one  Sort  of 
Rays  more  copioufly  than  another  ;  and  ac¬ 
cording  to  the  Refrangibility  of  thofe  Rays  are 
the  Bodies  coloured:  Thus  Minium  reflects  the 
leaft  refrangible  Rays  mo  if  copioufly,  and 
thence  appears  Red :  Violets  reflect  the  mo  ft  re- 
frangi  ble  Rays,  and  thence  have  their  Colour; 
and  fo  of  their  intermediate  Degrees  :  Again, 
the  Matter  of  fome  Bodies  is  fuch,  as  reflects 
different  refrangible  Rays ;  and  therefore  is  in 
various  Parts  of  various  Colours 


A .  Pray, 

*  The  Colours  of  natural  Bodies  are  of  two  Sorts,  (i)  Va¬ 
riable,  which  change  and  differ  according  to  the  Situation  of  the 
Eye,  as  in  Silks,  Satins,  and  the  Tails  of  Peacocks ,  &c.  (2) 
Permanent,  which  are  always  the  fame,  and  never  vary.  To 
underhand  the  Reafon  of  both  which,  it  is  neceflary  to  premife 
the  following  Things. 
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A.  Pray,  Sir ,  what  can  be  the  Meaning, 
that  White  and  Black  are  not  reckoned  among 
the  primary  Colours  of  Light  ? 

B.  Becaufe 


Fir/l,  That  Rays  of  Light,  by  Means  of  a  thin  transparent 
Plate  of  Air,  Water,  or  Glafs ,  & c.  are  feparated  from  one  ano¬ 
ther  ;  and  according  to  the  different  Thicknefs  of  the  Plate,  the 
Rays  of  fome  Colours  are  tranfmitted,  and  thofe  of  others  are 
refledted. 

Secondly,  Such  a  very  thin  Plate  is  of  a  different  Colour  when 
feen  by  the  tranfmitted  Rays,  from  that  which  it  is  tinged  with, 
when  feen  by  reflected  Rays. 

' Thirdly ,  To  prove  this,  the  ufual  Experiment  is  to  take  a 
Plano-convex  Glafs  (vvhofe  convex  Surface  is  the  Segment  of  a 
very  large  Sphere)  as  A  (Fig.  XXV.  of  Plate  V,  fronting 
f.  75.)  lay  this  with  its  convex  Surface  on  a  plain  Piece  of  Glafs 
B,  and  compreffing  them  together,  there  will  appear,  in  the 
Point  where  they  touch,  a  dark  central  Spot,  and  about  it  va¬ 
rious  coloured  Circles,  as  reprefented  within  CD. 

Fourthly ,  The  Glaffes  thus  compreffed  being  placed  under  a 
Microfcope,  the  Colours  of  the  feveral  Circles  may  be  clearly 
and  largely  viewed,  and  the  Breadth  of  each,  as  alfo  the  Dis¬ 
tances  of  thofe  Circles,  may  be  accurately  meafured  (by  a  Mi¬ 
crometer  fitted  to  a  Microfcope)  to  the  10000th  Part  of  an  Inch, 

Fifthly ,  To  find  the  Thicknefs  of  the  Plate  of  Air  between 
the  Glaffes  at  the  Periphery  of  any  coloured  Ring,  fay — As  the 
Diameter  of  the  Glafs’s  Convexity  is  to  the  Semidiameter  of  any 
Ring,  fo  is  that  Semidiameter  to  the  Thicknefs  of  the  Plate  of 
Air  at  its  Periphery.  Suppofe  the  Diameter  of  the  Sphere,  the 
Glafs  was  ground  to,  was  12  Feet,  or  144  Inches,  and  the 
Semidiameter  of  the  Circle  To-  of  aa  Inch  ;  then  144. :  Po  : :  : 

71:400,  therefore  the  Thicknefs  of  the  Plate  where  that  Circle 
is  formed  is  txico  Part  °f  an  Inch. 

Sixthly ,  The  Colours  of  the  Circles  feen  by  the  refiedled 
Light,  are  much  more  vivid  and  difiinfl,  than  thofe  feen  by 
tranfmitted  Light,  which  are  faint  and  more  dilute. 

Seventhly,  The  Rings  made  by  Refle&ion  are  differently  co¬ 
loured  from  thofe  made  by  the  Tranfmiffion  of  Light ;  White , 
in  the  latter  Cafe,  will  be  oppofed  to  Black  in  the  former  ;  Red 
to  Blue ,  Fellow  to  Violet ,  and  Green  to  a  Compound  of  Red  and 
Green. 

Eighthly ,  The  more  obliquely  the  Rings  are  viewed  in  either 
Cafe,  the  larger  they  appear  by  much  ;  nor  do  they  follow  the 
fimple  Proportion  of  the  Obliquity  of  the  View  ;  but  as  this 
jncreafes,  the  Circles  fv/ell  and  dilate  themfelves  much  more. 

Ninthly, 
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B.  Becaufe  White  is  fo  far  from  being  a 
pure,  Ample,  original  Colour,  that,  on  the  con¬ 
trary, 

j  * 


Ninthly ,  The  farther  the  Circles  are  from  the  Center,  the 
lefler  and  fainter  their  Colours  appear  ;  the  fifth,  or  fixth,  is 
the  lait  which  appears  diftinft  ;  though  I  have  obferved  a  faint 
Skim  of  Circles  to  the  Number  of  1 1  or  i  2  in  the  light  Air. 

Tenthly,  Water  applied  to  the  Edges  of  the  Glafs,  is  attracted 
between  them,  and  filling  all  the  Interflice,  is  made  to  confti- 
tute  as  thin  a  Plate  of  Water,  as  before  there  was  of  Air. 

Eleventhly,  The  Water  approaching  the  coloured  Circles  in 
the  Plate  of  Air,  does  in  a  great  Meafure  deftroy  the  Brightnefs 
of  the  Colours,  leffen  the  Number  of  the  Rings,  and  contra&s 
their  Peripheries  in  the  Proportion  of  7  to  8,  nearly. 

Twelfthly,  Bubbles  blown  up  in  Soap  Water  exhibit  the  like 
Appearance  of  coloured  Rings,  brighter  towards  the  Top 
where  the  Bubble  is  thinner  ;  but  towards  the  Bottom,  where 
the  W ater  running  down  makes  the  Bubble  thicker,  the  Rings 
and  Colours  gradually  become  more  faint  and  obfcure,  till  at 
laid  they  quite  difappear. 

Thirteenthly ,  Thin  Plates  of  Mu/covy  Glafs  {hew  Rings  of 
Colours  alfo,  but  if  they  are  wetted  with  Water,  the  Colours 
•become  more  faint  and  languid,  though  they  vary  not  in  their 
Species. 

Fourteenthly ,  Light  incident  on  thin  Plates  of  Air,  Water,  or 
Glafs,  is  difpofed,  according  to  the  different  Thicknefies  there¬ 
of,  to  be  either  transmitted  or  reflected  ;  where  the  Thick- 
nelTes  are  as  the  Numbers  1,  3,  5,  7,  9,  CT.  the  Rays  are  dif¬ 
pofed  to  be  reflected,  and  tranfmitted at  the  Thicknefies  expref- 
fed  by  the  Numbers  o,  2,  4,  6,  8,  10,  Ifc*  And  this  Ad'tion  or 
Difpofition  of  Rays,  in  its  Propagation,  intermitting  and  re¬ 
turning  by  equal  Intervals  (as  here  fpecified)  for  innumerable 
1/  iciffitudes, occasioned  Sir  Jfaac  Newton  to  fay — they  were  then 
in  Fits  of  eajy  RefeSiion,  or  in  Fits  cf  eafy  TranfmiJJlon .  . 

Thefe  Observations  afford  the  following  Conciufions  con¬ 
cerning  the  Colours  of  natural  Bodies, 

1 .1  he  Particles  of  all  Bodies  confifl  of  very  thin  Plates,  or 
Laminae  ot  Matter,  in  themfelves  clear  and  pellucid  ;  this  in 
fome  Meafure  is  evident,  by  viewing  the  Particles  of  dry  Earth , 
or  hand,  with  a  Microfcope. 

2.  Xnefe  very  thin  Plates  do  refiefl  or  tranfmit  Light  inci¬ 
dent  upon  them,  and  thereby  become  coloured. ' 

3.  1  he  Colours  of  Plates  depend  on  their  Thicknefs  and 
Pen  frty,  and  not  on  the  encornpaffing  Medium . 


4.  The 
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trary,  it  is  a  Mixture  of  all  thofe  feven  original 
Colours  together;  or  a  Compofition  of  Colours , 
even  all  the  Colours  in  Nature  :  And,  on  the 
other  Hand,  Black  is  properly  no  Colour  at  all, 
being  only  the  Hue  of  thofe  Bodies  whofe 
Subftance  abforbeth  all  the  Rays  of  Light,  and 
therefore,  by  reflecting  none,  cannot,  of  Con- 
fequence,  be  coloured  at  all. 

A.  Then  thofe  Bodies  which  appear  White , 

I  apprehend,  are  fo  by  reflecting  promifcuoufly 
all  the  Rays  of  Light  which  fall  on  them  *  ? 

B.  Yes,  they  are  fo.  I  .have  one  Thing 
more  very  curious  on  this  Head  of  Colours  to 
relate  to  you,  and  then,  if  you  pleafe,  we  will 
make  a  Tranfition  to  another  SubjeCt. 

4.  The  thinner  the  Plate,  the  more  vivid  the  Colours. 

5.  The  more  the  Thicknefs  of  a  Plate  is  increafea,  the 
more  Colours  it  reflefts,  and  different  ones. 

6.  The  Colour  of  fome  Plates  will  vary,  by  changing  the 
Pofition  of  the  Eye,  while  others  remain  always  the  fame. 

7.  The  thickeib  Plates  reflect  the  red  Rays,  and  the  thinned 
the  Violet-coloured  ones. 

8.  The  denfer  the  Medium  encompailing  the  Plates,  or 

which  fills  the  Pores  of  Bodies,  the  more  obfcure  and  darker 
are  the  Colours.  _  , 

9.  All  Bodies  appear  of  fuch  a  Colour,  as  arifes  from  the 
Mixture  of  reflected  Rays. 

10.  The  more  fimple  and  vivid  the  Colours,  theleiTerand 
more  denfe  are  the  conilituent  Particles  or  Plates  of  natural 
Bodies. 

For  a  larger  Account  of  thefe  Things,  fee  Sir  Ifaac  Aew- 
tons  Optics,  Book  II.  Gravefande's  Elements,  Vol.  II.  Book  3. 
Chap.  22,  23.  Worfter* s  Prin.  of  Nat.  Philofophy,  Page  239 
to  25  2.  Harris's  Lex.  under  the  Word  Colour . 

*  Thus  Sir  Ifaac  proved  by  feveral  Experiments  (befide9 
bare  Reafoning)  in  mixing  coloured  Lights,  and  coloured 
Powders,  in  proper  Proportions  ;  for  the  Compofition  was  of 
as  perfedl  a  Whitenefs  as  any  in  Nature  :  As  may  be  feen  at 
large  in  his  Optics,  Book  I.  Part.  II.  Prop.  5. 


A.  Pray, 
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A.  Pray,  what  Is  that  ?  I  long  to  {enow* 
being  ravifhed  with  thefe  natural  Curiolities. 

B.  It  is  this :  Sir  Ifaac  Newton ,  by  Expe¬ 
riments,  hath  found  that  the  Colours  of  Light, 
with  Refpedt  to  their  Quantity,  were  in  Pro¬ 
portion  to  the  /even  mujical  Notes ,  or  Intervals 
of  Sound,  contained  in  an  0 Slave,  viz.  Sol,  la, 
fa,  Sol,  la,  mi,  fa,  Sol  Fig .  XIII.  of  Plate 

VI 1 I,  iron  1 1  ng  p .  120. 

A.  A  Difcovery  indeed  !  lure  the  happieft 
Man  that  ever  lived  for  Experiment.  What  ! 
mu fical  Harmony  in  Colours  l 

B.  Yes,  he  difeovered  it  thus :  He  caufed  a 
Sun  Beam  to  be  largely  refradted  on  the  Side 
of  a  dark  Chamber,  which  produced  the  Spec¬ 
trum  of  Colours,  reprefented  by  ABCDEF ; 
in  which  he  caufed  an  Affiftant  exadlly  to  mark 
the  Confines  of  each  Colour,  by  drawing  paral¬ 
lel  Lin  es  betwixt  each,  as  am,  hi,  ck,  &c.  and 
Thus  the  Sp  aces  V,  I,  B,  G,  Y,  O,  R  repre- 
fent  the  Quantity  of  the  refpedive  Colours, 
viz.  Violet ,  Indigo ,  Blue,  Green,  Yellow,  O- 
range,  and  Red :  And  upon  a  nice  Exami¬ 
nation,  he  found  the  parallel  Sides  of  the  Spec¬ 
trum  AF  and  CD  to  be  divided  in  the  Points 
a,  b,  c,  d,  GY.  juft  in  the  Proportion  as  a  mu- 
lical  Chord  is  divided  for  the  Concords  of  an 
O  Slave,  viz.  as  the  Intervals  of  thefe  Numbers, 

T  8  5  3  2,  3  9  j 

*  IT*  IT®  4'*  T*  7s*  "cTT®  IT  e 

A.  This 

*  See  Sir  Ifaac  $  Optics,  Book  I.  Part.  IT.  Prop.  3.  where 
you  have  not  only  the  Original  of  this  excellent  Difcovery,  but 
a!fo  a  Method  deduced  from  thence  to  determine  of  the  Sines 
of  Refraction  proper  to  each  of  thofe  Colours.  For  when  the 
Sine  of  Incidence  was  50,  he  found  the  Sine  of  Refraction  for  the 

leaft 
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A .  This  would  induce  one  to  think  there 
were  fome  Kind  of  Relation  between  Mafic 
and  Colours ;  fince  it  hence  appears,  that  in 
Nature,  the  pleafmg  Notes  of  the  one,  and 
the  Quantities  of  the  other,  are  in  the  fame 
Proportion,  and  both  defigned  to  delight  and 
pleafe  Mankind,  and  footh  the  Cares  of  Life, 

B.  One  Thing  more  I  rnnft  remind  you  of, 
and  that  is  this  :  Some  Perfons  tell  us,  Colours 
are  tangible  Qualities,  and  may  be  difiinguifh- 
ed  by  Feeling ,  and  give  an  Inftance  of  one  that 
could  and  did  do  it  :  But  this  is  certainly  im- 
poflible  to  do  naturally  ;  and  therefore  if  any 
one  ever  did  do  it,  he  muff  have  a  miraculous 
Gift  of  Feeling 


leafl  refangible,  or  redded  Rays,  was  77  ;  and  for  thofe  which 
were  mod  fo,  or  deeped  Violet,  was  78  ;  and  for  the  interme¬ 
diate  Colours  he  found 
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*  Mr.  Derham ,  in  his  Phyjtco -Theology  (Page  144)  a  Certs, 
that  Colours  may  be  diftinguifhed  by  the  Touchy  or  Senfe  of  Fed- 
ing ;  and  to  confirm  this,  relates  a  Story  (from  Grimaid.  de 
Lum,  &  Col.  Pr.  43,  §  59.)  of  one  at  the  Court  of  the  Duke  of 
Tufcany ,  who  on  a  Piece  of  Silk  uniformly  woven,  and  tinged 
with  many  Colours,  being  offered  to  him,  did  truly,  by  that 
Senfe  only,  judge  of  the  Colours  of  every  Part. — —But  fince 
Colours  are  but  Qualities ,  and  no  material Effences,  I cannot  be 
induced  to  believe  this  extraordinary  Perfon  could  difeern  Co¬ 
lours  merely  as  fuch  by  Feeling,  but  rather  from  fome  fmali 
Differences  in  the  Surface  of  Silks  and  other  Bodies  tinged 
with  various  Colours,  and  occafiohed  thereby  ;  which  is  a 
Thing  that  not  only  he,  but  many,  who  deal  in  dyed  Commo¬ 
dities,  have  been  able  to  do  alfo. 

c  H  A  p. 


Of  Sound. 

\ 

B.  TT  ET  us  next  entertain  ourfelves  with  a 
I  j  Confideration  of  the  Nature  and  Pro¬ 
perty  of  Sound ;  for  this  is  no  barren  Part  of 
Nature,  nor  a  ulelefs  Speculation,  the  Curious 
know. 

A*  Come  on  then.  Sir:  If  you  are  not  ti¬ 
red,  I  never  {hall  with  thefe  noble  Difquifiti- 
ons  and  Enquiries ;  and  pray  tell  me,  fir  ft, 
wherein  Sound  doth  confift  ? 

B.  Sound  is  the  undulatory  or  wave-like 
Motion  of  the  Air,  arifing  from  the  tremulous 
Motion  of  the  Parts  of  any  Body,  occasioned 
by  a  Stroke;  and  thofe Undulations  or  Pulfes 
of  the  Air  beating  on  the  1 Tympanum ,  or  Drum 
of  our  Ears,  convey,  by  the  Nerves,  this  Sen- 
fation  to  our  Minds  ‘N 

How  doth  it  happen  that  one  and  the  fame 
Sound  may  be  heard  by  fo  many  at  once,  and 
in  different  Places  ? 


*  Let  AB  be  a  String  {trained  and  fixed  at  the  Ends  A  and  B ; 
and  then  let  it  be  drawn  out  of  its  natural  Pofition  AB  into  an¬ 
other  ACB  ;  if  then  it  be  let  go,  it  will  by  its  Elafticity  not  only 
fly  back  again  to  its  firft  Pofition  AB,  but  in  another  ADB, 
which  is  fo  far  above  AB,  as  ACB  was  below  it ;  after  this,  it 
will  return  again  aim  oft  to  C,  and  then  return  almoft  to  D  ;  and 
thefe  Courfes  and  Recourfes  of  the  String  growing  lefter  and  lefter 
above  and  below  AB,  it  will  at  laft  fettle  into  its  firft  and  natural 
Pofition,  and  be  again  at  reft.  And  this  is  what  is  called  the 
Vibration  of  a  Chord  or  String drav/n  tight,  and  ftruck,as  in  mu- 
ikal  Inftruments.  See  Fig.  XXVI.' of  Plate  V,  fronting/.  75. 
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B.  Becaufe  the  Vibrations  an  d  Tr  emors  of 
the  Air,  excited  by  the  Percuffion  of  any  Bo¬ 
dy,  are  propagated  in  concentric  Spheres  all 
around  the  laid  Body  (which  is  their  coinmon 
Centre)  to  very  great  Diftances;  and  therefore 
let  a  Perfon  be  any  how,  or  any  where  fituated 
within  the  Verge  of  thofe  Motions,  he  will 
equally  hear  the  Sound,  at  equal  Distances  from 
the  Body  whence  it  comes :  See  Fig.  XIV.  of 
Plate  VIII,  fronting  p.  120,  where  DD  re- 
prefents  a  Drum,  and  D,  1,  2,  3,  4,  5, 
the  circular  Pulfes  of  the  Air,  made  by  and 
conveying  the  Sound  of  the  Beats  to  our  Ears*. 

A.  How  is  it  to  be  proved,  that  Airis  thus 
the  Medium  of  Sound? 

B.  By  the  Experiment  of  a  Bell  in  the  Pve- 
ceiver  in  an  Air-Pump,  which,  before  the  Air 

•  1  l 

As  there  is  a  manifefl:  Agreement  between  Light  and 
Sound  in  many  Particulars,  fo  it  is  moll  of  all  confiderable  in 
Rejiefiion  from  hard  Bodies.  For  as  Light  is  rendered  more 
intenfely  bright  and  hot,  by  being  reflected  from  the  concave 
Surfaces  of  IVlirrouis  to  a  certain  Point  f-z>zz.  the  'Focus )  where 
the  Rays  are  croudedinto  a  lefler  Space;  fo  Sound  being  utter¬ 
ed  within  a  long  and  narrow  Space,  as  that  of  the  Stentvrophbnic 
Tube,  or  Speaking  Trumpet,  is  continually  reileXed,  and  re¬ 
verberated  from  the  curved  Sides  into  the  Axis,  whereby  it  be¬ 
comes  more  intenfc  and  ilrong  at  its  Exit,  is  Confecjusntly 
much  louder,  and  may  be  heard  much  farther,  than  it  could 
be  otherwife. 

Thus  alfo,  if  a  fmall  Sound  or  Whifper  be  uttered  at  one 
Side^  of  a  large  Dome ,  or  concave  Hemifphere,  (as  at  the 
Whifpering  Gallery  in  St.  Paul's)  fuppofe  at  the  Point  A, 
(Fzg  XXV.  of  Plate  V,  fronting  p.  75)  then  fhail  all  the 
Sound  linking  againli  the  whole  hemifpheric  Concave  be  re¬ 
flected  to  the  Points  B,  B,  B,  &c.  and  from  thence  to 
C,  C,  C ,  &c.  and,  after  feveral  fuch  Reflexions,  will  all  be 
united  in  the  oppofite  P ;  where  the  Sound  will  be  much  more 
Prong,  loud,  and  audible,  than  at  any  other  Point  in  the  whole 
Dome  or  Concave.  See  Clare’s  Motion  of  Fluids,  Page  341. 
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is  exhaufted,  may  be  heard  to  a  confiderable 
DIftance;  but  when  exhaufted,  can  fcarcely 
be  heard  at  the  neareft  Diftance 

A .  What  Velocity  of  Motion  hath  Sound? 

B .  Very  great,  but  not  near  fo  great  as  that 
of  Light:  Mr.  Derham  has  found  by  Experi¬ 
ment,  that  the  mean  Velocity  of  Sounds  is  at  the 
Rate  of  1 142  Feet  in  one  Second  of  Time., 
or  a  Mile  in  44  Seconds;  and  therefore  would 
take  up  174  Years  in  palling  from  the  Earth 
to  the  Sun,  which  is  near  double  the  Velocity 
of  a  Bullet,  at  its  firfl  Difcharge  from  the 
Cannon  •f. 


*  This  Experiment  {hews  alfo,  that  Sounds  are  augmented 
ordiminifhed  proportionally  as  the  Airis  condenfed  or  rarefied. 
Thusitis  known  Sounds  are  weakeron  the  Tops  of  high  Moun¬ 
tains,  where  the  Airis  more  rare,  than  in  lowVaiiies,  where 
it  is  more  condenfed  by  the  Weight  of  the  fuperincumhent  At- 
snofphere.  See  Varen.  Geog.  Gen.  lib.  I.  cap.  19.  Prop.  ult* 
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But  the  Reader  may  depend  on  thelaft,  <viz.  1 142,  as  very 
juft  fora  mean  Rate  of  Velocity. 

Several  good  Ufesmay  be  made  of  the  Knowledge  of  the 
Velocity  of  Sound.  Thus  by  it  we  can  eafily  meafure  the  Di  - 
fiance  of  the  Clouds  producing  Thunder  and  Lightning ;  forfup- 
pofe  from  the  Moment  we  obferve  the  Flafh  to  the  Moment 
we  hear  the  Stroke  of  Thunder,  we  number  four  Seconds,  then 
it  is  plain  the  Sound  has  come  four  Times  1142,  i.  e.  4568 
Feet,  or  fomewhat  above  ^  of  a  Mile ;  and  fo  far  diftant  is  the 
Cloud.  In  like  Manner  the  Dijftance  of  Ships  on  the  Sea, 
is  known  by  Firing  of  Guns . 


A .  Can 
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A.  Can  you  certainly  tell  how  far  Sounds 
may  be  heard  ? 

JB .  Indeed  this  is  a  IVTatter  not  altogether 
certain;  but  there  are  Reports  of  * Sounds  (as 
the  Explolions  of  great  Guns,  &e  J  which 
have  been  heard  to  the  Diftance  of  180  or 
200  Miles 

A.  Doth  not  the  Wind  greatly  obfirudt  the 
Motion  of  Sound? 

No,  not  fo  much  as  one  would  imagine; 
tho’  there  is  fome  fmall  Difference  in  the  Ve- 
locity  of  Sound,  with  or  againft  the  Wind;  but 
Sound  is  greatly  augmented  or  diminished  by 
the  Strength  or  Weaknefs  of  the  Wind. 

A.  Is  there  any  Difference  in  the  Motion 
of  great  or  fmall  Sounds  ? 

B .  Mr.  Derha?nfays,  none  at  all;  whether 
they  be  loud  or  languid,  of  Bells,  Guns,  &c. 
great  or  fmall,  or  any  other  fonorous  Body. 

A.  How  do  you  edimate  the  Greatnefs  or 
Intenfity  of  Sound? 

*  Mr.  Clare  fays,  a  Gentleman  of  great  Veracity,  who  had 
lived  fome  Years  at  Gibraltar ,  affirmed  to  him,  that  he  has  at 
Old  Gibraltar  heard  the  Watch-word  of  the  Night  (viz.  Ad't 
-well)  given  by  the  Centinel  to  the  Patroll  on  the  Ramparts  of 
New  Gibraltar ,m  a  llillferene  Night,  and  the  Water  perfe&ly 
xmoodi,  and  that  as  plain  and  diltmflly,  he  thought,  as  he 
ffiould  have  done  had  he  been  on  the  Rampart  himfeif.  The 
Bay  between  the  two  Places  he  judged  to  be  about  three  Spanifh 
Leagues  over,  or  above  io  Miles  and  a  half.  Motion  of  Fluids, 
f*age  343 >  344-  Derkam’s  Phyfico-Theol.  Book  4.  Chap.  3. 
Note  27.  where  he  tells  us  from  Dr.  Hearn ,  that  Guns  fired  at 
Stockholm  in  1683  were  heard  180  Englijh  Miles;  and  in  the 
Dutch  War,  1672,  the  Guns  were  heard  above  200  Miles.  See 
alio  his  curious  Experiments  on  Sound,  in  the  Phil.  Tranf- 
aclions,  No.  300  ;  and  Harris's  Lex.  under  the  Word  Sound . 
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B.  That,  Sir,  is  always  as  the  Space  paflcd 
through  by  the  Particles  of  undulating 
Air,  in  their  paffive  Motion  backward  and 
forward 

A.  What  farther  have  you  to  obferve  con- 
cerning  the  Motion  of  Sounds  ? 

B.  They  fly  equal  Spaces  in  equal  Times, 
and  nothing  but  the  Wind  can  accelerate  or 
retard  them  ;  not  the  Differences  of  Day  or 
Night,  Summer  or  Winter,  Heat  or  Cold, 
Weather  cloudy  or  clear,  the  Air  heavy  or  light, 
&c. 

A.  Pray,  Sir,  tell  me  the  Reafon  why,  after 
the  Stroke ,  the  Sound  of  feme  Bodies,  as  Bells, 
the  Strings  of  mufical  Inftruments,  &c.  con¬ 
tinues  fo  long,  but  weaker  and  weaker  ? 

B .  The  Sound  of  Bodies  endures  in  Propor¬ 
tion  to  the  Number  of  Vibrations  made  there* 
in  by  the  Stroke ,  each  Vibration  producing  a 
Wave  in  the  Air,  and  each  Wave  repeating  the 
Sound ;  but  ftill  more  and  more  faint,  as  the 
Vibrations  are  lefs  and  Ids,  till  they  entirely 
ceafe  :  This  is  eafy  to  be  obferved  by  the  Ear 
in  Bells,  and  by  the  Eye  in  a  String  under 
Tenfion. 

A.  There  is  one  Thing  more  I  had  almoft 
forgot  to  enquire  the  Reafon  of,  tho*  I  guefs 

*  In  a  warm  and  rarefied  Air,  whofe  ElaJHcity  is  therefore 
fmail,  the  Strength  or  Intenfity  of  Sounds  is  not  near  fo  con- 
iiderable  as  in  a  cold  and  denfer  Air,  when  the  Eladicity 

thereof  is  much  greater. 

The  Velocity  of  Sound  is  52  Times  greater  than  that  of  a 
brifkWind,  or  Current  of  Air;  and  (as  Mr.  Hales  afferteth) 
it  is  to  that  of  undulating  Water  as  865  to  i„ 

how 
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how  it  mu  ft  be  ;  but  I  beg  your  Thoughts  of 
it.  Sir ;  is  it  an  Echo  ? 

B .  This,  Sir,  is  no  more  than  the  Repeti¬ 
tion  of  Sound ,  made  by  a  Reflexion  or  Reper- 
cuflicm  of  a  Wave  of  Sound,  from  the  Surface 
cf  very  hard  andfmooth  Obftacles,  as  Walls, 
&c.  whence  flying  back,  it  re-falutes  our 
Ears  with  the  fame  Sound 

A.  This 

*  i.  The  Angles  of  Incidence  and  Reflection  are  equal,  as 
well  in  the  Cafe  of  Sound  as  Light  ;  and  therefore  it  is  eafy  to 
underftand  where  the  Echo  will  be  heard  moil  diflin&Iy,  when 
the  Figure  of  the  reflecting  Surface  and  Situation  of  the  Speaker 
is  known. 

2.  Thus  let  AB  be  the  plane  Side  of  a  Tower  (Fig.  XXVIIL 
of  Plate  V,  fronting  p.  75.)  GH  the  Declivity  of  a  Hill  before 
it;  let  a  Perfon  utter  a  Voice  at  D,  and  fuppofing  EC  per¬ 
pendicular  to  the  Plane  AB,  and  the  AngleDCE  equal  to  the 
Angle  ECF,  the  Echo  of  that  Voice  will  be  heard  at  F. 

3*  The  Diftance  of  the  ObjeCl  returning,  the  Echo  of  one 
Syllable  mull  be  24  Paces,  or  an  120  Feet;  and  for  the  Ech« 
of  two  Syllables  28  Paces,  or  240  Feet,  and  fo  on  in  a  dired 
Proportion  ;  fo  that  an  ObjeCl  returning  the  Echo  of  10  Sylla¬ 
bles  rnuftbe  diftant  240  Paces/  or  1200  Feet. 

4.  The  famous  Echo  in  W oodfock  Park,  near  Oxford,  returned 
17  Syllables  in  the  Day,  whejn  the  Wind  was  a  little  Airring, 
and  20  in  the  Night ;  for  thep  the  Air  being  denfer,  the  'Vi¬ 
brations  became  flower,  and  f6  a  Repetition  of  more  Syllables 
were  audible  ;  as  Dr.  Plot  relates  in  his  Nat.  Hijiory  cf  Ox- 
fordjhire. 

#  5*  Dr.  Harris  fays  there  is  a  much  finer  Echo  from  the  North 
Side  of  Shipley  Church  in  Sujfex ,  which  in  the  Night  would 
repeat  diAinCUy  thefe  2 1  Syllables  : 

Os  Homini  fuhiime  dedit  Caelurnque  tueri 
Jujfii,  Cf  ere  PI  os - * 

See  his  Lex.  Tech,  under  the  Word  Echo. 


Note,  (1.)  That  the  ObjeCl  AB,  which  reflects  the  Sound,  is 
called  the  Phonocamptic  ObjeCl ;  and  the  Point  C,  on  which  the 
Sound  impinges,  is  called  the  Phonocamptic  Centre;  from  the 
Greek  Word  Qavvj  a  Voice  or  Sound,  andxttWr*.  to  bend  or 
jnfled, 

$  3  Note, 
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A.  This  is  juft  as  1  apprehended  it  to'  he: 
But  pray,  Sir,  whence  arifeth  the  great  Varie¬ 
ty  in  the  Note  or  Tone  of  Sounds  f 

B.  The  Notes  and  Tones  of  Sound  a  rife 
from  the  peculiar  Nature  of  the  fonorous  Bo¬ 
dy,  the  Manner  and  Degree  of  Percuflion, 
and  the  different  Make  and  Configuration  of 
the  Organ  or  Inftrument  of  Sound;  all  thefe 
contribute  to  make  that  wonderful  Variety 
and  Difference  in  the  Tunes,  Notes,  or  Tones 
of  Sound  *. 

A.  Why 

Note,  (?,)  That  as  the  Science  of  Vifion  is  called  Optics,  fo 
the  Science  of  Sound  or  Hearing  is  called  either  Acouftics,  from 
t0  hear  ;  or  Phonics ,  from  a  Voice  or  Sound.  Alfo 
Catacoujhcs  is  that  Part  which  treats  of  refiedied  Sounds,  Echo’s, 
cV.  and  Diacoujiics ,  the  other  Part  which  explains  the  Nature 
oi  redrafted  Sounds  ;  and  laftly,  thofe  Xndruments  which  are 
u  fed  to  affift  or  improve  the  Senfe  of  Hearing,  are  called  Otacou - 
jiics,  from  &$,  iwrog,  an.  Ear,  and  cdyfo,  to  hear. 

I  fhall  here  obferve  a  few  Things  concerning  Sound  con- 
ildered  as  the  Subject  oi  the  excellent  Science  of '  NLufc. 

i.  Sounds,  as  they  are  mor cintenfe  or  remifs ,  are  faid  to  be 
load  and  low,  or  ft rong  and  weak,  which  depends  on  the  Nature 
01  fonorous  Body,  its  Figure,  the  Force  of  PercuJJlon ,  Sec. 

X  he  hi  me  loud  or  Iovj  Sound  hath  divers  Degrees  of  Note 
or  Tone,  which  are  in  the  Extremes  called  Acutenejs  and  Gravi¬ 
ty  g(  the  Sound  ;  in  the  lower  Degrees,  the  NoteorTone  is  grave , 
flat  or  low  ;  in  the  higher,  it  is  acute,  j harp  or  high. 

3  The  Degrees  of  Acutenefs  and  Gravity  make  all  the  dif¬ 
ferent  and  didinguifhable  Tones  or  Tunes  of  a  Voice  or  Sound  ; 
which  are  the  component  Parts  of  Harmony. 

4*  Sound  is  again  diflinguifhed  into  long  and  Jhort ,  which 
relates  to  theDuration  or  Continuance  thereof. 

.  5 4  Faither,  Sounds  are  Simple  ox  Compound :  A  Simple  Sound 
y  the  1  rod  u  ft  of  one  h  oice,  or  individual  Body,  as  that  of  one 
vVhre  or  Word.  A  Compound  Sound  confids  of  feveral  fimple 
ones,  al!  united  in  the  fame  Meafure  of  Time,  or  driking  the 
Ear  all  together:  As  the  various  Notes  druckatthe  fame  Time 
on  different  Indruments  in  a  Concert. 


6.  Laftly, 
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A.  Why  is  it  that  fome  Notes,  called  Con¬ 
cords,  are  agreeable  to  the  Ear,  and  others  we 
call  Difcords,  difagree  thereto  ? 

B.  We 


6.  Laftly,  Sounds  are  either fmooth  and  even,  or  rough  and 
harjh  ;  alfo  clear  and  diflindi ,  or  hoarfe  and  obtufe .  To  produce 
a  fmooth,  even,  and  clear  Sound,  the  Body  mult  be  homogene¬ 
ous  in  its  Parts,  and  of  an  uniform  Figure  throughout ;  other- 
wife,  rough,  obtufe,  and  grating  Sounds  will  enfue.  The  for¬ 
mer  of  thefe  are  only  concerned  in  Mujlc,  and  are  therefore 
called  harmonic ,  or  mufical  Sounds . 

7.  As  Sounds  are  produced  by  the  Vibrations  of  the  Parts  of 
Bodies,  and  Strings  or  Chords  are  the  moft  fimple  and  proper 
Subjects  to  examine  thele  Matters  in ;  foithas  been  found  that 
the  following  Articles,  refpedling  Chords  and  their  V ibrations, 
are  founded  in  Nature,  and  confirmed  by  repeated  Experience. 

8.  The  Forces  requifite  to  draw  any  Chord  or  String  ACB 
out  of  its  Place  (Fig.  XXIX.  of  Plate  V,  fronting  p.  75.)  to  the 
Diffance  of  ce,  cf,  eg ,  are  direftly  proportional  to  the  Spaces, 
or  Lines,  ce,  cf,  eg. 

9.  The  Vibrations,  therefore,  of  the  fame  Chord  are  all  per¬ 
formed  in  equal  Spaces  of  d  ime  ;  that  is,  the  Chord  will  re¬ 
turn  from  the  Situation  A^B  as  foon  as  from  A<?B  to  ACB,  be- 
coufe  the  Force  at  g  is  as  much  greater  than  the  Force  at  e,  by 
which  it  returns,  as  Cgis  greater  than  Ce* 

jo.  If  Chords  differ  only  in  Venfion,  the  Times  of  their  Vi¬ 
brations  are  inverlely  as  the  Square  Roots  of  the  Weights 
which  ff  retch  them;  that  is,  if  the  Weights  are  as  4  to  9,  the 
Times  will  be  as  3  to  2. 

1 1.  The  Number  of  Vibrations  in  thefameTime ,  are  direflly 

as  the  Square  Roots  of  the  Weights ;  that  is,  as  2  to  3  >  the 

preceding  Cafe.  # 

12.  The  Number  of  Vibrations  made  in  the  fame  Time  by 
two  Chords  differing  in  Thicknefs,  are  as  the  Diameters  of 

their  Bafes  inverfely.  #  . 

13.  If  Chords  differ  only  in  Length,  the  Times  of  their  V  i¬ 
brations  are  diredlly  proportional  to  their  Lengths ;  and  thv 
Number  of  Vibrations  in  the  fame  Time  are  inverlely  as  the 
Lengths. 

14.  Hence  Chords  of  different  Tenfions,  Diameters,  and. 
Lengths,  may  be  fo  adjufted,  by  compounding  the  foregoing 
Ratios, that  the  Times  of  their  Vibrations  {hall  be  in  any  given. 
Proportion ;  which  is  of  great  Ufe  in  Fringing  Inkruments,  as 
the  Spinet,  Harpfichord,  &c. 
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We  may  fay,  they  are  fo  from  the  A- 
gre^nent  or  Difagreement  of  the  different 

Motion  3 

*5*  -^s  the  T’une  of  a  Note  or  Sound  is  conflitoted  by  the 
Meafure  and  Proportion  of  Vibration,  in  refpeft  of  their  Ve¬ 
locity,  the  quicker  Vibrations  making  the  acuter  Tone,  and  the 
Power  the  graver  one  ;  fo  it  follows,"  the  Tune  of  any  String’s 
Note  will  be  acuter  or  graver,  in  Proportion  as  it  is  jtnaller  or 
greater  , jberter  or  longer ,  tighter  or  flacker. 

^ ff®  _or  more  Notes  or  Sounds  being  made  together,  are 
called  a  Confonance  \  if  the  Sounds  are  of  the  fame  Tune,  they 
are  called  XJnifonance  ;  if  of  different  Degrees  of  Tune,  z't  e.  of 
.Ac utenefs  or  Gravity,  but  yet  make  an  Effeft  agreeable  to  the 
liar,  they  are  called  Concordance  ;  other  wife  Dijfbnance,. 

r/y  A  Concord ,  therefore,  is  the  Agreement  between  two 
Sounds  or  Notes  of  different  Times,  either  in  Confonance  or 
Succejfion  of  Sound ;  fuch  as  is  pleating  and  delightful  to  the 
Liar. 

i8«  As  the  Vibrations  of  Chords  are  the  Caufe  of  Sounds  in 
general,  fo  the  Coincidences  of  the  Vibrations  of  Chords  are  the 
Deafen  and  Ground  of  Concordance  :  if  there  be  two  Chords, 
B,  whofe  Lengths  are  as  4  to  3,  then  it  is  plain  (by  the  13th 
hereof)  that  while  the  Chord  A  makes  three  Vibrations,  the 
Chord  B  will  make  4;  dnd  therefore  fuppofmg  them  to  begin 
together,  there  will  be  conftantly  at  every  three  Vibrations  in 
and  four  in  B,  a  Coincidence  of  Vibration  ;  that  is,  they 
will  then  vibrate  together,  and  begin  each  Period  of  Vibration 
fo  long  as  they  continue  in  Motion.  This  makes  them 
concord  with  each  other,  and  produce  an  agreeable  Sound. 

*9*  1  he  more  frequent  thefe  Coincidences  are,  the  more  a- 
greeable  is  the  Confonance  ;  and  therefore  Unifon  is  the  firft 
Degree  of  Concord ,  becaufe  there  the  Vibrations  begin  and  end 
to  ye  tner  ;  this  is  expreffed  by  the  Ratio  of  one  to  one,  viz.  1:1. 
Next  to  tills  the  Ratio  of  1:2  is  the  moll  agreeable  and  perfefi 
Concord ,  and  then  2  : ; ;  alter  which,  the  Concordance  becomes 
iTs  penea  and  ps enfant  in  the  Ratios  314,  4:3,,  3  :  6,  be¬ 
yond  which  the  Confonance  is  infufferable  ;  for  in  thefe  the 
Coincidences  of  Vibrations  become  lefs  frequent, 

20.  joelides  thefe  Ratios  of  Loncordfound  in  the  naturalOrder 
of  Numbers,  1:2:3:413:  6,  there  are  fome  others,  viz, 
3  •  5 ,  ana  3  :  8,  which  the  liar  adjudgeth  Concords,  tho’  in 
a  lower  Degree.  And  hence,  it  is  plain,  there  is  fomewhat  be- 
flaes.  the  Frequency  of  the  Coincidences  of  Vibrations,  that 
qualifies  the  Ratio  for  Concordance  or  jpleafing  Sound  ;  forelfe 
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4:7,  or  5  :  7,  both  Difcords,  would  be  preferable  to  5  :  8,  a 
Concord  contrary  to  Experience. 

21.  If  one  certain  String  be  llruck,  in  order  to  compare  the 
Sounds  of  others  with  its  own,  it  is  called  the  Fundamental ; 
and  its  Note  is  called  the  Key  or  Key  Note.  A  Table  of  all 
the  Concords  between  the  Ratio  of  XJnifon  1:1,  and  the  Oo 
ta<ve  2:1,  cxpreffing  the  Lengths,  Vibrations,  Coincidences, 
Names,  and  Perfections  thereof,  you  have  here  fubjoined. 


Length . 

Vi  brat.  Coin . 

_ I 

Names. 

Perfection,  I 

,  • 

i  :  1 

1 

100 

1000 

Unifon. 

Moft  PerfeCt. 

6  •  r 

5  :  6 

5 

1 20 

833 

Third  LefTer. 

ImperfeCt. 

5  :  4 

4  :  5 

4 

I  2  c 

8ooiThird  Greater. 

ImperfeCt. 

4  :  3 

3  *  4 

3 

533 

7?° 

Fourth. 

ImperfeCt. 

3  :  2 

2  :  3 

2 

150 

666 

Einn. 

Perfect. 

8  •  r 

0  .  5 

5  =  8 

5 

i  60 

62q 

Sixth  LefTer. 

ImperfeCt. 

r  •  * 

a  •  3 

3  *  5 

3 

167 

600 

Sixth  Greater. 

ImperfeCt. 

2  :  1 

1  :  2 

1 

200 

500 

OClave. 

PerfeCt. 

22.  This  Table  wants  but  little  Explanation  ;  take  an  Ex¬ 
ample  of  the  5th  ;  the  Length  of  the  Chords  founding  this 
Concord  muft  be  as  3  to  2;  their  Vibrations  then  performed  in 
the  fame  Tims,  will  be  as  2  to  3  ;  the  Coincidence  of  thefe 
Vibrations  will  be  at  every  2d  Vibration  of  the  Fundamental; 
the  Chord,  which  is  a  5th,  makes  150  Vibrations,  while  the 
Fundamental  makes  iod.  The  fame  Chord  is  66b  of  fuch 
equal  Parts  as  the  Fundamental  contains  iqco.  It  is  called  a 
Fifth ,  as  being  the  5th  Note  from  the  Key  inclufive;  and  is 
a  perfett  Concord. 

23.  To  divide  a  Right  Line  fo  as  to  exhibit  the  feven  Con¬ 
cords,  is  very  eafy;  for  let  AB  be  the  given  Line,  {Fig.  XXX. 
on  Plate  V,  fronting  y>.  75.)  divide  it  into  two  equal  Parts  in 
C  ;  and  divide  CB  into  two  equal  Parts  in  D  ;  and  laftly,  di¬ 
vide  CB  into  two  equal  Parts  in  E. 


f  AC  to  AB-) 

- 

AC  to  AD 

AD  to  AB 

<  AC  to  AE 

►  as  < 

AE  to  AD 

EB  to  AE 

„AE  to  AB. 

V 

2 

3 

4 

5 
3 


2,  An  OCtave. 

3,  A  Fifth. 

4,  A  Fourth. 

5,  A  Third  Greater. 

6,  A  Third  Lelfer. 

5,  A  Sixth  Greater. 

8,  A  Sixth  LefTer. 

24.  Of 
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Perfon  is  little  the  wifer  for  that :  I  therefore 

refolve 


24.  Of  thefe  feven  Concords,  three  of  them  are  fimple,  the 
reft  compound.  The  fimple  Concords  are  5:6,  a  third  lefs, 
4  :  5,  a  third  greater,  and  3  :  4,  a  fourth ;  for  thefe  cannot 
be  parted  into  any  other  Concords,  by  putting  any  mean  Num¬ 
ber  (whether  Arithmetical  or  Harmonic al )  between  the  Terms 
of  the  Ratios. 

25.  But  the  other  four  Concords  are  compofed  of  the  iimple 
ones,  as  is  plain  by  interfiling  an  Arithmetical  or  Harmonical 
Mean ,  or  both,  between  the  Terms  of  the  Ratios  of  thefe  Con¬ 
cords,  as  in  the  following  Table. 

With  Arithmetical  Means, 

'  A  Fifth,  or  2  :  3,  contains  4:5  :  6,  a  3d  greater  and  3d  lefs. 
A  Sixth,  G.  or  3  :  5,  contains  3  :  4 :  5,  a  4th  and  3d  greater. 
An  Odave,  or  1  :  2,  contains  2  :  3  :  4,  a  5th  and  4th. 

With  Harmonical  Means , 

A  Fifth,  2  :  3,  contains  to  *  12: 13, a  3d  leffer  and  3dgreatei% 
A  Sixth,  G.  3  :  5,  contains  12  :  15:  20,  a  3d  greater  and  4th. 
AnO&ave,  1 :  2,  contains  3  :  4 :  '  6, a  4th  and  5th. 

Alfo  between  the  Terms  of  a  Sixth  leffer,  5  :  S,  you  put  the 
Mean  6,  it  refolves  it  into  5:6:8,  a  3d  leifer  and  4th. 

26.  If  between  the  Extremes  of  the  O  Slavs  6:12,  we  put 
an  Arithmetical  Mean  9,  it  refolves  it  into  6:9:12,  a  5th 
and  4th,  If  you  put  an  Harmonical  Mean  8,  it  refolves  it 
into  6:8:  1 2,  a  4th  and  5  th.  If  both  the  Means  are  interpofed, 
the  Series  will  be  Geometrical,  <vi&.  6:8:9:  12.  Thus  it 
appears,  that  a  4th  and  3  th  are  the  two  Concords  that  the  Oc¬ 
tave  is  immediately  refoivabie  into. 

27.  The  Relations  of  a  3d,  4th,  5th,  6th,  an  Oflave,  to 
the  Fundamental ,  are  called  Primary  Relations ,  and  are  Concords 
therewith,  as  we  havefeen  :  But  the  Relations  of  Concords  to 
each  other,  are  called  Mufical  Relations ,  and  thefe  ought  to  be 
all  concord ,  to  make  or  Hand  together  in  Harmony.  Thus  the 
3d  greater,  5th  and  Qdave,  make  perfect  Harmony;  for  the 
5th  is  to  the  3d  greater,  as  3  :  6,  a  3d  leifer ;  the  Oflave  to  the 
3d  greater,  as  5  :  8,  a  Sixth  leifer;  the  Q&ave  to  the  5th,  as 
3:4,  a  Fourth.  But  the  4th,  5th,  and  Oftave,  cannot  make 
Harmony,  becaufe  the  Ratio  of  the  5th  to  the  4th  is  as  8  ;  9* 
which  is  a  Difcord. 


28.  Har - 
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refolve  it  into  the  Will,  Power,  and  Goodnefs 

of 


28.  Harmony  \$  a  compound  Sound,  confining  of  three  or 
more  fimple  Concords  in  Confonance,  and  therefore  all  Dif- 
cords ,  in  the  primary  Relations  efpeciallv,  and  alfo  in  the  mutual 
Relations  of  the  acute  Terms  of  the  Ratios,  are  abfolutely  for¬ 
bidden.  Though  it  is  true,  Difcorcls  are  ufed  in  Mufic,  yet 
their  Ufe  is  only  to  make  the  Concords  appear  more  agreeable 
by  the  Oppofition. 

29.  The  Intervals  of  Concords  are  termed  harmonious ;  the 
Intervals  of  Difcords  are  of  two  Sorts  ;  the  firft  are  called  Con- 
cinnous  Intervals ,  becaufe  they  are  ft  for  Mu  lie  in  Combination 
with  thofe  of  the  Concords ,  being  in  themfelves  neitheragreeable 
nor  very  ctifagreeable.  They  arife  from  the  Differences  of  the 
Concords.  Thus  the  Difference  between  a  4th  and  a  5th,  viz. 
i  and  f,  is  -J,  or  8:9;  this  conflitutes  the  Note  which  is 
called  the  Second  greater  from  the  Fundamental  and  the  Diffe¬ 
rence  between  a  3d  greater  and  4th,  is  15  :  16,  and  this  makes 
the  Second lejfer  >  which  is  the  very  next  the  Fundamental. 

30.  d  he  Ratio  8  :  9  is  called  a  greater  Tone  or  Interval, 
9:10a  lejfer  Tone ,  and  15:  16a  Semitone ,  or  rather,  an  In¬ 
terval  greater  than  half,  and  lefs  than  a  whole  Tone.  Now  if 
from  a  lejfer  Tone  9  :  10  (the  Difference  of  a  3dleffer  and  4th) 
you  take  an  Oftave  1  :  2,  there  will  remain  the  Ratio  5  :  9, 
which  is  the  Note  above  the  6th  greater,  viz .  the  Seventh  lejfer ; 
and  the  Seventh  greater  is  the  Difference  between  the  Semitone 
15:16  and  the  Odtave  1  :  2,  viz.  the  Ratio  8:15.  And 
thus  you  have  all  the  Intervals  both  Harmonious  and  Concinnous 
which  con  flit  ute  the  Notes  in  prefent  Ufe  ;  the  reft  are  all  in- 
concinnous,  which  produce  very  harlht  Notes,  or  grofs  Dif¬ 
cords,  too  bad  to  be  ufed  in  Mufic. 

31.  The  Firft  or  Fundamental  Note  of  any  Tune  or  Song,  is 
called  the  Key,  as  being  that  to  which  all  the  Notes  in  the 
Melody  of  that  Song  are  referred,  and  by  which  they  are  go¬ 
verned  and  regulated.  In  this  Key  the  Melody  generally  be¬ 
gins,  and  always  clofes.  The  Key  is  diftinguilhed  into  two 
Kind  s,  viz.  the  Flat  and  Sharp  Key . 

32.  1  he  Flat  Key  is  that  which  hath  always  the  2d  greater, 
3d  leffer,  4th,  5th,  6th  leffer,  7th  leffer,  andOftave  ;  the  Sharp 
Key  has  the  2d  greater,  3d  greater,  4th,  5th,  6th  greater,  7th 
greater,  and  Odlave.  Whence  it  is  plain,  that  the  Air  or  Tone 
of  the  Melody  in  the  Flat  Key  is  a  half  Note  lovoer  than  it  is  in 
the  Sharp  Key  ;  and  is  therefore  more  fuited  to,  and  generally 
ufed  in  the  melancholy  and  mournful ,  than  hrijk  and  airy  Tunes, 
which  the  other  Key  is  adapted  to,  being  hajf  a  Note  higher.' 

33.  Thefe 
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of  the  great  Creator,  who,  doubtlefs,  defigned 
the  pleafmg  Harmony  and  Melody  of  Sounds 

:  '  \  tO 

33.  Thefe  feven  natural  Notes  are  generally  reprefented.  by  th@ 
feven  letters.  A,  B,  C,  D,  E,  F,  G,  in  a  iingle  Osftave.  If  the 
Key  be  Sharp ,  the  3d,  6th,  and  7th  above  have  this  Mark  (*) 
affixed  to  the  Chara&ers  of  thefe  Notes  to  denote  it ;  as  thus, 
if  A  be  the  Key,  A,  B,  C#,  D,  E,  F*,  G*  ;  or  if  the  Key  be 
Flat,  they  have  this  Mark  (b),  as  A,  B,  C,  D,  E,  F,  G  b. 

34.  ThisDivifion  of  the  Odiave  ismofl;  natural,  and  becaufe 

it  contains  three  greater  Foxes  9tsvo  lefer  and  two  Semitones , 

is  called  the  DIATONIC  SCALE  ofMufic,  but  more  vulgar¬ 
ly  the  GAMUT,  from  the  Name  of  the  lowed:  Note  therein. 

3  5.  The  Gamut  contains  three  Parts,  called  Clifts ,  the  Bafe, 
the  F enor ,  and  the  Frehle  Clifts ,  as  reprefented  in  Fig.  XXXI. 
of  Plate  V,  fronting/.  75  ;  each  Part  fingly  contains  five  Lines, 
on  which,  and  in  the  Spaces  between  them,  are  wrote  the 
'Chara&ers  of  the  Notes.  The  Marks  of  the  Clifts,  and  Names 
of  each  Part,  you  there  fee  expreffed.  Part  of  the  Tenor  is  com¬ 
mon  to  the  Bafe  below,  and  the  Treble  above. 

36.  Muficians,  in  writing  Mufic,  ufe  various  Charadlers  to 
cxprefs  Notes  of  differentLengthof  Time, as  Breve,  Semibreve , 
&c.  any  one  of  which  contains  tw.o  of  the  next  below,  in  com¬ 
mon  Ftme  ;  but  in  what  is  called  F riple  Fitne ,  a  Semibreve  con¬ 
tains  1  -Minum,  3  Crotchets ,  6  Quavers,  & c.  See  Fig.  XXXII. 
of  Plate  V,  fronting  /.  75. 

37.  I  have  thought  it  expedient  to  Ill uftrate  the  foregoing 
Rudiments  of  the  Theory  of  Mufic,  by  an  Example  of  anOdlave 
In  the  Bafe  Clift  of  a  Spinet  (Fig.  XXXIII.  of  Plate  VI,  front¬ 
ing  p.  92. )  where  you  obferve  a  Scale  divided  into  an  1 00  equal 
Parts;  oppofite  to  which  are  placed  the  Strings  which  found 
the  12  Notes  or  Semitones  of  the  Odtave  ;  at  the  lower  End, 
are  the  Keys  of  the  feven  natural  Notes,  marked  with  the  Let¬ 
ters  C,  D,  E,  F,  G,  A,  B,  C,  between  which  are  the  other  Keys 
of  the  Semitones.  The  Key  Note  is  C,  with  refpect  to  which 
the  Strings  of  the  other  Keys  are  proportioned  in  Length,  as 
they  are  2d,  3d,  4th,  CSc.  to  it.  On  each  String  are  Numbers, 
fhewing  how  many  equal  Parts  of  the  Scale  it  contains ;  and 
others  which  (hew  the  Ratio  of  its  Length  to  that  of  the  Key 
or  Scale.  From  the  Ends  of  the  Strings  go  dotted  Lines  to  the 
Notes  of  a  Tune  wrote  in  the  Gamut ,  in  their  proper  Lines  and 
Spaces.  On  the  left  of  the  Scale  of  equal  Parts  is  the  Diatonic 
Scale ,  fhewing,  both  in  the  Flat  and  Sharp  Keys ,  the  Inter¬ 
vals  of  th eFones  and  Semitones their  Order  in  each. 
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to  fvveeten  and  heighten  the  Pleafures  of  hu¬ 
man  Life,  and  to  alleviate  and  difpel  its 
Cares 

38.  Thus  much  {hall  here  fuffice  for  a  fhort  Sketch  of  the 
Theory  of  Mufic ;  they  who  would  fee  more,  may  read  Dr.  Hol¬ 
der's  Grounds  of  Harmony  ;  Salmon’s  Theory  of  Mufic,  in 
Philof.  Tranf.  No.  302  ;  Malcolm’s  excellent  Treatife  of  Mufic  ; 
Jackfons  large  Scheme  of  Mufic  ;  and  Harris’s  Lex.  Tech, 
under  the  Word  Mufic  \  befides  various  others. 

*  Among  all  the  wonderful  Effects  afcribed  to  the  Power  of 
Mufic,  none  is  more  furprifmg  and  important  than  that  of 
curing  the  venomous  Bite  of  the  Italian  Spider,  called  the 
tarantula.  The  Part  bitten  is  foon  affedted  with  a  very  acute 
Pain y  and  a  few  Hours  after  with  a  Numhnefsi  upon  which 
enfues  a  profound  Sadnefs,  and  a  difficult  Refpiration  ;  the 
Pulfe  grows  weak,  the  Sight  is  difturbed,  and  the  Perfon  lofes 
Knowledge,  Senfe,  and  Motion.  The  Doctor  is  confulted  in 
vain;  the  Mufician  here  alone  performs  the  Cure;  he  tries  a 
Variety  of  Airs,  and  when  he  chances  to  hit  sn  that  Harmony 
that  accords  with  the  Patient,  he  begins  to  move  by  Degrees, 
and  keeps  Time  with  his  Fingers,  Arms,  Legs,  and  Body  ; 
then  he  raifes  himfelf  up  and  dances,  increafing  in  Strength  and 
Activity.  This  dancing  Fit  continues  fix  Flours,  or  a  Day,  or 
fometimes  two  Days.  "When  the  Mufic  ceafes,  the  Perfon 
gives  over  dancing,  and  is  put  to  Bed.  Thh  Procefs  is  re¬ 
peated  till  the  Patient  has  recovered  himfelf,  which  is  by  little 
and  little  ;  and  every  fick  Perfon  has  a  particular  Air  or  Tune, 
and  always  a  very  fprightly  one.  See  Philofophical  Conver- 
fation,  Vol.ll.  Conv.  15.  Alfo  Durham’s  PhyGco-Theology, 
Book  IV.  Chap,  ILL  Malcolm’s  Mufic,  Chap .  XIV.  §  3- 
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CHAP.  IX. 

Of  G  ravity  and  Levity:  Of  At¬ 
traction  and  Electricity. 


HAT  is  meant  by  the  Gravity  of 
Bodies  ? 


13.  T  hat  Property,  Power,  or  Force,  where¬ 
by  ail  Bodies  tend  downwards,  in  right  Lines, 
to  the  Centre  of  the  Earth. 

A,  Is  not  this  what  is  called  the  Weight  of 

Bodies  ?  ° 

B.  ho;  for  the  Weight  is  properly  the  Ef- 
fe£t  of  Gravity,  cr  the  Meafure  or  Quality  of 
this  Power  acting  on  them, 

^  si,  Piow  do  you  difHnguifh  the  Kinds  of 
this  Property? 

B,  Into  abfolute  and  fpecific  Gravity . 

A*  What  is  abfolute  Gravity f 

B,  All  that  Power  whereby  a  Body  tends 
towards  the  Centre  of  the  Earth. 

A.  And  how  doth  fpecific  Gravity  differ 
therefrom  ? 

B.  1  he  fpecific,  or  relative  Gravity ,  is  that 
which  is  peculiar  and  appropriate  to  any  di- 
ftind  Species  of  Bodies,  and  diftinguifheth 
them  from  others,  when  compared  with 
them. 

What  is  the  Meafure  of  Gravity  in 
Bodies  ? 
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B.  Their 
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B.  Their  Quantity  of  Matter;  for  their 
Weight  or  Gravity  is  always  proportional 

thereto. 

A.  Pray  what  do  you  call  that  Point  towards 
which  Bodies  naturally  tend  ? 

,B.  The  Centre  of  Gravity ,  which  is  very 
near  the  Centre  of  our  Earth,  for  all  Bodies 
within  its  V erge  or  Power  :  And  thus  the  Cen¬ 
tre  of  Gravity  of  the  Planets  is  faid  to  be  near 
to  the  Centre  of  the  Sun,  about  which  there¬ 
fore  they  all  circulate  *. 

A .  In  what  Manner  doth  this  Power  of 
Gravity  adt  on  Bodies  ? 

B .  Equally  and  abfolutely  on  all  alike,  with¬ 
out  regard  to  their  Figure,  Size,  or  Quantity 
of  Matter. 

A .  If  fo,  one  would  think  all  Bodies  would 
defcend  with  equal  Velocity  or  Swiftnefs. 

B .  So  they  would  in  Reality,  were  it  not 
for  the  Refinance  of  the  Air. 

*  The  common  Centre  of  Gravity  of  two  Bodies  is  a  Point 
fo  fituated  in  a  right  Line  joining  their  Centres,  that  their 
Diftances  from  it  on  each  Side  are  reciprocally  as  the  Quanti¬ 
ties  of  Matter  in  the  faid  Bodies. 

Example.  Let  A  be  a  Body  of  12  lb,  andB  another  of  4  lb  ; 
join  their  Centres  by  the  Line  AB;  then  fay,  as  A-i-B  :  A  ::  AB 
:  BC,  that  is,  As  the  Sum  of  the  two  Bodies  16  lb  is  to  the 
greater  12ft,  fo  is  the  whole  Diftance  AB  to  the  Diftance 
BC,  which  gives  the  Point  C,  the  common  Centre  of  Gravity 
between  them.  If  a  third  Body  D  of  6  tb  be  added,  to  find 
the  common  Centre  of  all  the  three  Bodies  A,  B,  andC  ;  fay, 
as  A  +  B  -f-D  :  D  ::  CD  :  CE,  which  gives  E,  the  common  Cen¬ 
tre  of  all  their  Gravitation.  In  this  Manner  you  find  the  com¬ 
mon  Centre  of  Gravity  for  any  Number  or  Syftem  of  Planets. 

For  the  Common  Centre  of  Gravity  of  Lines,  Superfices,and 
Solids,  {zzJValliEs  Mechanics,  and  other  Writers  on  the  me¬ 
chanical  and  experimental  Phiiofophy,  particularly  Dr.  De/a- 
gutters'*  Courle,  Yob  I.  Left,  ill  and  2d. 


A.  This 
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A.  This  is  a  ftrange  Affertion  !  Pray  hoW 
do  you  prove  it  ? 

B .  By  the  Air-Pump ;  for  put  the  ligb teft 
Feather  and  a  Guinea  together  in  the  Re¬ 
ceiver,  holding  them  faft  at  the  Top  till  the 
Air  he  exhaufted,  then  letting  them  go,  you 
will  perceive  them  defcend  to  the  Bottom  in 
the  fame  Moment  of  Time,  and  with  incredi¬ 
ble  Swift  nefs. 

•* 

A,  This  is  indeed  very  curious  and  won- 
derful,  and  almoft  paft  Belief,  that  the  light- 
eft  Bodies  fhould  defcend  as  foon  as  the  hea* 
vie  ft  *  ! 

B*  Yes,  they  will  in  vacuo  indeed  ;  but  in 
the  refiling  Medium  of  the  Air,  Bodies  gra¬ 
vitate  towards  their  common  Centre,  and  one 
another,  according  to  their  different  Quantity 
of  Matter  contained  in  them,  as  1  faid  before. 

A .  What,  Sir,  do  you  fay  that  Bodies  gra¬ 
vitate  towards  one  another  ? 

B .  Yes,  they  do  :  The  Moon  gravitates  to 
the  Earthy  and  fo  does  the  Earth  to  the  Moon $ 

*  This  may  feem  wonderful  at  firft  Thought,  butthe  Wonder 
will  foon  ceafe,  if  we  only  consider,  that  each  equal  Particle  of 
Matter  is  acted,  upon  by  an  equal  Force  of  Gravity,  and  that 
therefore  every  fuch  Particle  in  one  Body  mu  ft  needs  defcend 
with  the  fame  Velocity  that  every  fuch  Particle  does  in  another. 
Confequently,  if  the  Matter  of  the  Feather  confift  of  ten  Par¬ 
ticles,  and  that  of  the  Guinea  ten  Thcufand ,  it  is  plain,  that 
fince  there  is  iooo  Times  more  Particles  in  the  latter  Cafe  to  be 
moved  than  in  the  former,  there  will  be  required  a  thoufand 
Times  greater  Force  of  Attraction  to  move  the  Guinea,  than 
to  move  the  Feather,  with  the  fame  Velocity  ;  but  this  is  all 
the  Force  that  can  poffibly  afteft  the  Guinea  ;  the  Velocity  of 
Motion  therefore  in  both  Cafes  muft  be  the  fame  ;  it  is  the 
Quantity  of  Motion  only  in  the  Guinea,  which  is  1000 
Times  greater  than  that  of  the  Feather. 
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the  Satellites  oifupiter  and  Saturn  to  them; 
and  'Jupiter  and  Saturn  gravitate  to  the  Sa¬ 
tellites  ;  yea,  the  Earth  gravitates  or  moves 
towards  the  Stone  that  falleth,  as  well  as 
the  Stone  gravitates  or  moves  towards  the 
Earth . 


A .  Aye,  indeed,  why  then,  if  the  Earth 
moves  towards  all  Bodies  falling  on  it,  how  is 
it  that  we  can  never  perceive  it  ? 

B.  By  Reafon  of  the  vaft  Difproportion  of 
Matter  in  each ;  for  fuppofe  a  Stone  too 
folid  Feet  in  Magnitude,  let  fall  from  a 
Height  equal  to  our  Chichejler  Spire,  viz .  300 
Feet ;  then  becaufe  the  Globe  contains  about 
300000000000000000000000  folid  Feet,  and 
fuppofe  the  Earth  every  where  to  be  of  the 
fame  Denfity  with  common  Stones,  then  the 
Quantity  of  Matter  in  the  Earth  will  be  to  the 
Quantity  of  Matter  in  the  aforefaid  Stone  of 
100  Feet,  as  300000000000000000000  to  1 ; 
and  therefore,  while  the  Stone  falls  300  Feet, 
the  Earth  will  move  towards  the  Stone  the 

Part  of  a  Foot ; 


_ 300 

3  oooooooooooooooooooo 


or 


I 000000000000000000 


which  is  fo  very  fmall  a  Matter,  as  to  be  not 
only  imperceptible  to 'the  Senfes,  but  incon¬ 
ceivable  by  the  Imagination. 

A .  Very  fmall  indeed.  But,  Sir,  now  we 
are  upon  the  Defcent  of  heavy  Bodies,  pray  at 
what  Rate  of  Velocity  doth  a  Body  defcend 
to  any  given  Diftance  downright  ? 

B.  The  perpendicular  Defcent  of  Bodies, 
is  at  the  Rate  of  15  Feet  in  one  Second  of  a 
Minute ;  and  for  all  the  following  Seconds, 

G  the 
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the  Spaces  are  as  the  Squares  of  the  Seconds : 
Thus,  fuppofe  a  Body  keeps  falling  1,  2,  3,  4? 
&A.  Seconds,  the  Squares  of  thefe  Times  will 
be  1 ,  4,  9,  16,  &c.  and  the  Spaces  pafled 
through  at  the  End  of  each  will  be  13,  60, 
14^,  240^  &c.  and  the  exaft  Number  of  Feet 
palled  through  in  each  Angle  Second  will  be  as 
the  odd  Numbers,  1,  3,  5,  7,  &c.  that  is, 
15,  45>  75>  xo5>  &c-  Feet;  all  which  is  dif- 
tinclly  and  naturally  feen  in  the  Line  AB,  Fig. 
XV.  of  Plate  VIII,  fronting^.  140 

.  \  A.  In 

*  1.  If  then  a  Body  were  projected  or  thrown  from  the  Point  A 
in  the  horizontal  Diilance  AB,  it  would,  in  an  unrefilling  Me¬ 
dium,  and  without  Gravity,  proceed  with  an  uniform  Motion  ; 
and,  in  equal  Times,  defcribe  equal  Spaces  AC,  CE,  EG,  GB, 
&c.  But,  fince  all  Bodies  have  Gravity,  the  fame  Body  A 
would  with  its  Gravity  alone,  in  the  fame  equalTimes  aforefaid, 
defcend  through  the  Space  Ac,  eg,  eg,  gh,  &c,  Draw  CD,  equal 
and  parallel  to  Ac,  and  cD  the  fame  to  AC  ;  then,  becaufe  the 
Body  A  is  urged  with  two  Forces,  one  in  AC,  the  other  in  Ac, 
it  will  be  carried  in  a  Direction  between  both,  and  at  the  End 
of  the  fir  ft  Moment  will  be  found  inD,  the  oppofite  Angle  of 
the  Parallelogram  AcDC  (according  to  Note  *  in  Page  54.) 
Thus  in  two  fuch  Moments,  while  it  would  have  defcribed 
twice  the  horizontal  Space  AE,  or  four  Times  the  Perpendi¬ 
cular  Space  he,  by  ftngle  Forces,  it  would  by  Compofition 
©fthofebe  found  in  F.  And  fo  after  three  fuch  Moments  it 
will  arrive  to  H  ;  after  four  to  K,  &c,  Nowftnce  Ac,  Ae ,  Ag, 
Ab  are  as  the  Numbers  1,  4,  9,  16,  they  are  as  the  Squares  of 
the  Lines  cD,  e¥,  ^H,  bK.  But  this  is  the  common  Property 
of  the  Parabola,  as  all  Writers  on  Conicsxlemonftrate.  There¬ 
fore  all  Projectiles,  or  Bodies  thrown  in  any  Dire&ion,  defcribe 
the  Curve  of  a  Parabola  in  their  Defcent. 

2.  On  this  Principle  depends  the  Art  of  G unnery ;  let  AN 
be  a  Cannon  {Fig.  XXXVI.  of  Plate  VII,  fronting/).  99)  ele¬ 
vated  above  the  horizontal  Level  AM,  in  the  Angle  BAM  ;  a 
Bomb  discharged  from  the  Muzzle  A  will  leave  the  re&ili- 
neal  Direction  AB,  and  defcribe  the  parabolic  Curve  AIM. 
AM  is  the  Amplitude  of  the  Projeftion,  or  horizontal  Random 
of  the  Bomb  ;  I,  I,  is  the  Height  thereof.  Now  a  fkilful  En¬ 
gineer  knowing  theDIftance  of  an  Objefl,  as  the  Spire  S,  can  fo 
•  .  -  pro- 
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A.  In  what  Manner  or  Proportion  does  the 
Weight  of  Bodies  increafe  or  decreale,  with 

refpedt 

proportion  the  Charge  of  Powder,  and  the  Elevation  of  the 
Mortar,  that  the  projeded  Bomb  M  fhail  defcribefuch  a  Para¬ 
bola  AIX,  as  fhail  pafs  through  thepropofed  Object  S,  which 
therefore  mull  be  hit  by  the  Bomb  in  its  Courfe  through  that 
Curve.  & 

3 .  Since  a  Body  falling  freely,  defcends  with  a  Motion  equal  ? 
ly  accelerated  in  equal  Times,  as  proved  by  Experiments,  and 
evident  to  Reafon  ;  and  alfo  fince  the  Motion  of  a  Body  defend¬ 
ing  upon  an  inclined  Plane  is  of  the  fame  Kind,  as  the  Mathe¬ 
maticians  prove  (fee  Keill’s  Introd.  Pag.  207)  the  Forces  by 
which  two  Bodies,  A,  B,  defcend,  one  of  which  falls  freely,  the 
other  B  runs  down  an  inclined  Plane,  if  they  begin  to  move  in 
the  fame  Moment,  are  always  to  one  another  in  the  fame  Ratio, 
as  in  the  Beginning  of  the  Fall,  which  Ratio  is  as  the  Length 
of  the  Plane  AE  to  its  Height  AD  (Fig.  XXXVII.  of  PlateVLl, 
froniing  p.  99.)  See  the  lad:  Article  of  Note  *,  in  Page  54. 

4.  T  he  Effects  of  thofe  Forces,  therefore,  thatis,  the  Spaces 
P-ffd  through  by  thefe  Bodies  in  the  fame  Time,  are  in  the  fame 
Ratio  of  the  Length  of  the*Plane  to  its  Height.  On  the  Height 
of  the  Plane  AD  def  ribe  a  Semicircle  ACD,  this  will  cut?he 
Plane  in  C;  join  CD  ;  then,  fince  the  Angle  at  C  is  a  right 
one,  the  Triangles  AED  and  ADC  are  fimilar,  and  fo  the  Ra¬ 
tio  of  the  Side  AD  to  AC  is  the  fame  as  of  the  Side  AE  to 
AD.  Confequently,  while  the  Body  A  defcends  freely  to  D, 
the  Body  will  defend  on  the  inclined  Plane  to  C. 

5;  In  the  fame  Manner  it  is  fhewn,  with  relpebl  to  any  other 
inclined  Plane  AFD,  that  while  a  Body  A  fails  freely  from  the 
perpendicular  Height  AD,  the  Body  B  let  go  at  the  fame  Time, 
will  arrive  on  the  inclined  Plane  to  the  Point  G.  But  AD  is 
the  Diameter  of  a  Circle,  and  AC,  AG,  two  Chords  in  the 
fame  ;  therefore  a  Body  falls  through  the  Diameter,  or  any  Chord 
of  a  Circle ,  in  the  JameFime. 

6.  Let  AB  be  a  String  with  a  Weight  B  at  the  End,  hang- 
mg  freely  from  the  Point  C,  (Fig.  XXXVIII.  of  Plate  VII, 
fronting/.  99)  this  is  called  a  Pendulum.  Let  the  Weight  B  be 
Drought  to  the  Point  D,  and  there  let  go,  it  will  by  its  own 
Gravity  defend  to  its  firft  Place  B,  and  then  with  the  Velocity 
acquired  in  that  Defcent  will  afc end  to  E,  fo  that  BE  will  be 
equai  to  BD  ;  and  this  Motion  or  Sowing  of  the  Body  from  D 
to  E  is  called  a  Vibration , 

7*  i  or  Ball  of  any  Pendulum ,  vibrating  freely,  de- 

fcribes  the  Arch  of  a  Circle,  as  DBE,  whofe  Diameter  AB  is 
tw.ce  the  Length  of  the  Pendulum  CB.  If  the  Arches  BD,  BE, 
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refpect  to  their  Diiiance  from  the  Centre  of 
Gravity  ?  v  1 

B.  The 

are  very  fmall,  they  do  not  fenfibly  differ  from  the  Chords  BD, 
BE  ;  there  the  Defcent  of  a  Body  through  a  fmall  Arch ,  and 
through  its  Chord,  is  performed  in  the  fame  Time,  as  far  as 
Senfe  can  difcern.  But  the  Defcent  of  Bodies  in  any  Chord 
is  in  the  fame  Time,  and  therefore  all  Vibrations  of  the  fame 
Pendulum ,  though  unequal ,  are  performed  in  the  fame  Time. 

8.  The  Velocities  acquired  in  the  lowed  Point  B,  by  a  Body 
defcribing  different  Arches  DB,  KB,  are  as  the  Subtenfes  or 
Chords  of  thofe  Arches.  See  Keill’s  Introd.  Left.  15.  Theor. 

37,  and  43\ 

9.  The  Times  of  the  Vibrations  of  two  Pendulums,  CB  and 
cb,  (Fig-  XXXVIII.  and  XXXIX.  of  Plate  VII,  fronting^.  99) 
are  in  the  fuhduplicate  Patio  ( i.  e.  as  the  Square  Roots)  of  their 
Lengths,  for  the  Body  defcends  from  D  to  B,  in  the  fame  Time 
it  would  fall  freely  through  the  Diameter  of  the  Circle  ;  e. 
twice  the  Length  of  the  Pendulum  ;  therefore  it  performs  one 
Vibration  from  D  to  Ein  the  fame  Time  that  it  would  fall  by 
the  Force  of  Gravity  through  four  Times  its  Length  CB  Thus 
alfo  the  Pendulum  cb  vibrates  from  d  to  e  in  the  fame  Time  it 
would  fall  freely  through  four  Times  its  Length  cb.  But  Spaces 
paired  through  in  this  Cafe,  are  as  the  Squares  of  the  Times, 
and  therefore  the  Times  areas  the  Square  Roots  of  the  Spaces. 
Confequently,  the  Time  of  a  Vibration  through  DE,  is  to  the 
Time  of  a  Vibration  through^,  as  the  Square  Root  of  four 
Times  CB  to  the  Square  Root  of  four  Times  cb,  or  as  the 
Square  Root  of  CB  to  the  Square  Root  of  cb. 

10.  It  has  been  found  that  a  Pendulum,  which  fliall  vibrate 
Seconds  of  Time  in  our  Latitude,  mud  be  39 T~  Inches  in 
Length ;  if  then  it  be  required  to  find  the  Length  of  a  Pendulum a 
thatfhall  vibrate  half  Seconds  ;  fay,  as  the  Square  of  1  (which 
is  1)  is  to  the  Square  of  \  (which  is  fo  is  397%  t0  9t%  Inch¬ 
es,  the  Length  of  the  Pendulum  required.  Thus  the  Length  to 
vibrate  Thirds  of  Seconds  will  be  found  4T3o5^  Inches ;  and 
the  Length  to  vibrate  quarter  Seconds  will  be  2 t%5q  Inches. 

1 1.  From  hence  it  appears,  that  a  Pendulum  is  an  univerfal 
Chro7iometer,  and  that  by  it  a  Perfon  may  meafure  Time  very 
truly  vyhen  deditute  of  a  Clock  or  Watch.  For  hang  up  any 
String  with  a  Bob  to  it,  and  let  it  vibrate  ;  then  having  num¬ 
bered  the  Vibrations  performed  in  the  Time  propofed,  fay,  as 
39-r^  is  to  the  Length  of  the  String,  fo  is  1  to  a  Number, 

.  whofe  Square  Root  is  the  Time  of  one  Vibration  made  by  the 
Pendulum ,  which  multiply  by  the  Number  of  Vibrations,  and 
you  have  the  whole  Time  required.  So  that  you  divide  the 
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B.  The  Weight  of  Bodies  is  reciprocally  as 
the  Squares  of  the  Diftances  from  the  Centre 
of  Gravity . 

A.  I  fliould  be  glad  if  you  could  exemplify 
this  to  my  Appreheniion. 

B.  That  I  can  eafily.  Suppofe  ZPNS  the 
Globe  of  our  Earth,  and  its  Centre  C,  the 
Centre  of  Gravity  $  let  there  be  a  Body  placed 
on  its  Surface  at  Z,  whofe  Weight  let  be  3600 
Pounds ;  then  if  this  Body  be  removed  to  the 
DiftanceCF,  two  Semi-diameters  of  the  Earth, 
you  have  its  Weight  there  by  this  Analogy, 

Length  of  the  Pendulum  by  the  conftant  Number  39-^,  and 
take  the  Square  Root  of  the  Quotient  for  the  Time  of  a  Vibra¬ 
tion. 

12.  Let  A8  (Fig.  XL.  of  Plate  VII,  fronting^.  99)  repre- 
fent  an  uniform  Bar  of  Iron,  or  any  other  Thing  ;  let  this  bp 
.made  to  vibrate ;  and  with  it  hang  up  a  common  Pendulum 
CD  that  fhall  vibrate  in  the  fame  Time  with  it ;  the  Length  of 
fuch  a  Pendulum  CD  will  ever  be  found  equal  to  AG,  which  is 
§•  of  AB.  This  Point  G  is  therefore  called  the  Centre  of  Ofcilr 
lation  ;  and  has  the  fame  Effeft,  as  if  all  the  Weight  of  the  Bar 
was  collected  into  it :  Confequently,  if  that  Point  of  the  Bar 
be  made  to  ftrike  an  Object,  the  Blow  will  be  greater  than 
from  any  ether  Point ;  for  which  Reafon  it  is  alio  called  the 
Centre  of  Percujfon . 

13.  It  is  faid, that  Ricciolus  was  the  firil  who  meafured  Time 
with  a  Pendulum ,  and  that  herein  he  was  followed  about  the 
lame  Time  by  Vendelinus ,  Mercennus ,  Kircherus ,  &c.  fome  of 
whom  declared  they  knew  nothing  of  Ricciolus’s  Attempt.  But 
the  firil  who  applied  it  to  a  Movement,  a  Clock,  or  Watch ,  was 
the  famous  Mr.  Chrifopher  Hugens ,  who  brought  it  alfo  to  a 
good  Degree  of  Perfection.  See  Lex.  Tech.  Magnum ,  under  the 
Word  Pendulum  ;  and  moil  mechanical  Writers  on  this  Subject. 
As  to  what  farther  concerns  the  DoCtrine  of  Projectiles,  I  lhall 
leave  that  to  the  Chapter  of  Hydrofatics,  in  thelail  Part  of  this 
Book.  And  fora  compleat  Theory  of  the  faid  Do&rine,  I  refer 
the  Reader  to  Keifs  Introdu&ion  to  Natural  Philofophy  ;  and 
for  the  Praxis  thereof,  or  its  Application  to  the  Art  of  Gun~ 
nery,  he  may  confult  the  Young  TrigonometePs  Guide ,  Vol.  I. 
Part  II.  Chap.  V, 
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4:1::  3600  :  900*  If  thefaid  Body  were  re¬ 
moved  three  Semi-diameters  to  E,  the  fame 
Analogy  finds  its  Weight  there,  viz.  9:1;: 
3600  :  400.  And  at  the  Diftance  of  fix  Semi¬ 
diameters,  the  Weight  thereof  will  be  but  ico 
Pounds ;  for  36  :  1  :  :  3600  :  100.  Thus,  at 
the  Diftance  of  1,  2,  3,  4,  5,  6  Semi-diame¬ 
ters  from  the  Centre  or  the  Earth,  the  Dimi¬ 
nution  of  the  Weight  of  fuch  a  Body  would  be 
as  thefe  Numbers,  3600,  900,400,  225,  145, 
100.  Thus,  on  the  contrary,  he  who  beareth 
joo  Pounds  Weight  on  the  Earth's  Surface, 
would,  with  equal  Eafe,  fuftain  the  Weight 
of  3600  Pounds,  at  the  Diftance  of  64  Dia¬ 
meters,  as  at  A.  See  Fig.  XVI.  on  Plate  VIII, 
fronting  p.  120. 

A .  After  fo  much  of  the  Gravity  of  Bo¬ 
dies,  let  me  know  what  the  Philofophers  fay 
of  the  Levity  of  Bodies  ? 

B .  There  is  no  fuch  Thing,  philofophically 
/peaking,  as  abfolute  Levity  or  Lightnefs\  this 
is  only  a  comparative  Term,  and  implies  no 
more,  than  the  Difference  of  the  Weight  of 
Bodies  compared  together,  or  their  fpecific 
Qravity . 

A.  Pray,  what  Diftindlion  do  you  make 
between  Gravity  and  Attraction? 

B.  In  the  Nature  of  the  Thing  there  is  no 
Difference,  they  are  both  one  and  the  fame 
Principle,  only  in  the  Manner  of  confidering 
it  this  Diftindlicfi  arifeth  ;  if  we  refped:  it  in 
the  Body,  containing  the  Centre  of  Gravity 
we  call  this  Power ,  in  that  Body,  Attraction ; 
but  we  call  it  Gravity  in  Bodies  which  are 
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moved  toward  that  Centre,  or  Body,  wherein 
it  is :  Thus  the  Earth  is  faid  to  attrad:  Bodies 
on  it,  or  falling  on  it ;  and  thofe  Bodies  are 
faid  to  gravitate  towards  the  Earth;  fo  the 
Loadjlonz  attrads  Steel,  and  the  Steel  gravitates 
to  it  *. 


A.  Is 

*  Attraction  is,  by  the  Modern  Philofophers,  confidered 
twofold,  viz.  ( 1.)  Attraction  of  Gravitation,  whereby  one  Body 
affe&s  another  ataDiftance,  and  caufes  it  to  gravitate  towards 
itfelf ;  which  is  what  I  have  above  confidered  ;  and  concerning 
which  the  Reader  may  fee  abundance  in  Lex.  Tech.  Mag.  under 
this  Word.  (2.)  Attraction  of  Cohefon  which  we  find  only 
among  the  very  fmall  Particles  of  Matter  in  Bodies,  and  of 
which  I  {hall  here  enumerate  the  chief  Properties. 

1.  This  Force  is  then  greateft  when  the  Particles  are  in  Con¬ 
tact,  or  touch  each  other. 

2.  In  homogeneous  Particles,  the  greater  the  Surface  of 
Contact,  the  ftronger  the  Force. 

3.  The  Sphere  of  this  AttraClionis  inconfiderable  at  any  fen- 
fible  Diftance  from  the  Particle. 

4.  The  fmaller  the  Diftance,  the  ftronger  the  Force,  which 
is  very  great  at  very  fmall  Diftances. 

5.  This  Force  decreafes  nearly  as  the  Cubes  of  the  Diftances 
increafe  ;  and  not  as  the  Squares  thereof,  as  in  the  other  Sort  of 
Attraction. 

6.  This  Force  is  proportional  to  the  Quantity  of  Matter  in 
Particles. 

7.  Confeqaently,  the  denfeft  Particles,  whofe  Surface  of 
Contact  is  largeft,  hath  the  greateft  Attraction  nf  Cohefon. 

8.  In  Particles  of  the  fame  Kind,  or  equal  Denfity,  the  At¬ 
traction  is  ftronger  between  fmall  Particles  than  the  large;  be* 
caufe  in  thofe  there  is  a  greater  Quantity  of  Surface  than  in 
thefe,  efpecially  if  they  are  of  a  fpherical  Form 

From  this  Property  of  Matter  proceed  many  wonderful  and 
curious  Phenomena,  which  are  eafily  accountable  for  on  this 
Principle.  As, 

1.  The  ftrong  Cohefion  of  the  Particles  which  compofe  folid 
or  hard  Bodies ;  for  without  this  Power,  the  hardeft  Adamant 
would  inftantly  diffolveinto  an  impalpable  Powder. 

2.  The  prodigious  Cohefion  of  poliftied  Surfaces,  as  of  Glafs, 
Stones,  Metals,  t Ac.  Thus, two  leaden  Balls  pared  with  a  fharp 
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A.  h  this  Power  of  Attraction  the  fame  in 
all  Bodies,  of  the  fame  Kind,  of  equal  Denii- 
ly  and  Magnitude  ? 

B .  Yes,; 

Knife,  fo  as  to  cut  off  a  Segment  about  ~  of  an  Inch  Diameter, 
if  they  are  prelied  together  (giving  them  a  little  Twiff)  pretty 
bard,  they  will  require  the  Weight  fcmetimes  of  ioolb.  to  fe- 
jjarate  them.  That  this  is  not  owing  to  the  Air  is  plain,  be- 
caufe  they  are  not  feparated  in  the  exhaujled  Receiver. 

3.  By  this  Power,  Liquids  arife  into  the  Subilance  of  Breads 
• Sugar,  Sponge ,  and  all  very  porous  Bodies. 

4.  On  this  Account  alfo  Liquids  rife  on  the  Sides  of  contain¬ 
ing  Veffels,  and  about  the  Surface  of  Bodies  floating  therein, 
to  a  final]  Height  aboim  the  common  Level. 

5.  Particularly  on  this  Principle,  and  no  other,  can  we  ac¬ 
count  for  the  Afcent  of  Liquids  in  capillary  Tubes  of  Glafs  to 
fo  conffderable  a  Height  above  the  Surface  of  the  Liquor  in 
which  they  are  placed,  contrary  to  the  Laws  of  Hydraulics  ; 
the  Heights  to  which  Water  will  arife  in  different  Tubes,  are 
reciprocally  as  the  Diameters  of  the  Bores  of  thofe  Tubes,  and 
the  Quantities  of  Water  drawn  up,  are  directly  as  thofe  Dia¬ 
meters.  See  Gravefande* s  and  Dr.  Defaguliers' s  Courfes.  Web - 
far's  Principles  of  Nat.  Phil.  Page  17.  R owning's  Comp. 
Syftem.  Harris's  Lex .  Tech,  under  the  Word  Attraction. 

6.  By  this  Means,  the  Water  in  the  Veffel  BC  (Fig.  XLI. 
of  Plate  VII,  fronting/.  99)  will  arife  between  the  two  polilh- 
ed  Glafs  Plates,  AC,  Ae,  being  fet  therein  touching  each  other 
bn  the  Sides  AB,  and  open  a  little  on  the  other  Sides  ;  the 
Figure  of  the  Water  between  the  Plates  e}f,  g,  is  that  of  an 
Hyperbola . 

7.  When  Particles  of  Matter  of  different  Denfities,  Quanti¬ 
ties  of  Surface,  and,  confequently,  of  different  Attractive 
Powers,  are  mixed  together,  they  will  neceffarily  attract,  agi¬ 
tate,  and  move  each  other  in  various  wife,  and  with  incredf 
ble  Velocities  in  many  Cafe's  ;  from  hence  will  arife  Fermenta¬ 
tions ,  Ebullitions ,  Excalefcencies ,  Fujions,  Dijjolutions ,  Cry  ft  alii  - 
stations,  and  other  fuch  like  Effects  known  in  Chymiftry. 

S.  But  among  the  imali  Particles  oi  Matter,  there  is  not  on-- 
]y  an  attractive  Power,  but  alfo  a  repelling  one,  whereby  they 
are  made  to  recede  and  fly  from  each  other;  and  this  Force  is 
called  Repuljion. 

9.  Repulsion  begins  where  Attraction  ends,  and  increafes 
as  the  Diftance  of  Particles  decreafe. 

10.  Particles  attracted  mofi  flrongly  within  the  Sphere  of  its 
,  Power  are  repelled  moil  forcibly  when,  without  it. 

xi.  From 
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B.  Yes ;  but  in  all  fuch  Bodies,  the  lefs  any 
one  is  than  another,  the  greater  is  its  attract¬ 
ing  Force;  fo  the  magnetic  Attraction  is  ftrong- 
jer  in  a  fmall  Loadjlone ,  in  Proportion  to  its 
Weight,  than  in  a  larger  one. 

A.  What  is  the  Confequence  of  this  ? 

B .  Sir  Ifaac  Newton  has  found,  by  Calcu¬ 
lation,  that,  as  the  Particles  of  Light  are  the 
lead  Bodies  we  know  of,  fo  their  Attraction 
is  1000000000000000  Million  of  Millions  of 
Times  greater  than  that  of  the  Earth,  on  the 
Earth’s  Surface  ;  according  to  the  Quantity 
of  Matter  in  each,  and  the  aforementioned 
Velocity  of  Light . 

A.  Pray,  Sir ,  what  do  you  underftand  by 

Electricity  *  ? 

B .  A 

11.  From  the  great  Degree  of  this  repulfive  Power  in  Oi/, 
Qreafe ,  & c.  arifes  the  great  Difficulty  of  mixing  tbofe  Bodies 
with  Water ,  fo  as  to  make  their  Parts  touch  and  Sick  together. 

i  2.  This  Power  is  fmall  between  Glafs  ,and  Water  ;  greater 
between  Glafs  and  dfuickfilver  ;  ftrong  between  Chiick/Hver  and 
Copter ;  ftronger  between  Ffuickfilver  and  polifhed  Steel ;  but 
weaker  between  Ffuickjilver  and  Gold. 

13.  From  this  Principle  it  is  that  a  dry  Needle  fwims  upon 
the  Water;  and  that  Flies,  &c.  walk  and  run  thereon  without 
wetting  their  Feet. 

14.  Let  there  be  two  Balls  of  Wood,  A  and  B,  the  one 
wetted  all  over  with  Water,  the  other  with  Oil  ;  let  thefe  be 
put  into  the  Vejffel  of  Water  CD,  and  the  different  Effects  of 
the  attractive  and  repulfive  Powers  of  Matter  and  Oil  will  be¬ 
come  very  vilible  ;  the  Water  in  one  Cafe  riling  by  Attraction 
above  the  common  Surface  ;  and  in  the  other  it  is  forced  below 
it  by  Repulfion  See  Fig.  XLTI.  of  Plate  VII,  fronting  p.q 9. 
See  more  concerning  Attraction  and  Repulfion  of  Particles  in 
WebfteA s  Principles,  Gravefande’s  Elements,  and  Dr.  Defagu- 
lierss  Courfes  of  Fxperimental  Phiiofophy  ;  and  alfo  the  Lex. 
Tech,  under  the  Word  Attraction. 

*  Electricity  confifls  of  an  Attraction  and  Repulfion 
pretty  much  of  a  like  Natiye  with  thofe  in  the  foregoing 

Note.*5 
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B.  A  certain  Kind  of  attractive  Faculty,  pe¬ 
culiar  to  fome  Bodies,  as  Amber ,  Jet,  Sealing - 

I  Wax, 


Note.  The  principal  Properties  of  thefe  wonderful  Qualities 
of  Bodies  are  as  follow. 

1.  It  exiils  of  fine  invifible  Effluvia,  fuppofed  to  be  of  an 
nndtuous  and  oily  Nature,  which  are  excited  by  Attrition,  or 
rubbing  the  eledtrical  Body  till  it  become  warm. 

2.  Such  Bodies  warmed  by  the  Fire  only,  do  not  attradl  fo 
forcibly  as  when  heated  by  rubbing. 

3.  If  a  Glafs  Tube  be  firft  warmed  by  the  Fire,  and  then 
heated  by  Attrition,  it  will  attradl  moft  fpeedily  and  powerfully. 

4.  Terfion ,  or  Wiping,  is  alfo  neceffary,  as  well  as  Attrition 
or  Rubbing,  to  procure  Elettricity  ;  for  this  frees  the  Pores  for 
the  better  Emiffion  of  the  Effluvia. 

5.  This  Effedt  is  much  weakened  if  the  Weather  be  thick 
and  cloudy. 

6.  The  Interpofition  of  the  fineft  Linen  or  Paper  will  hinder 
the  Adlion  of  Electricity  ;  whereas  the  magnetic  Virtue  pervades 
all  Objedls, 

7.  Electrical  Bodies  attradl  ail  Things  indifferently,  theLoad- 
jtone  only  Iron  and  Steel. 

8.  If  a  Glafs  T ube  be  rubbed  in  the  Dark,  the  Effluvia  will 
appear  lucid;  and  if  a  little  Brufh  be  held  near  the  Tube,  or 
drawn  along  it  without  touching,  j  uft  after  it  is  rubbed.  Sparks 
of  Light  like  Stars  will  appear  upon  every  Hair  of  the  Brufh. 

9.  If  when  a  Tube  is  juft  rubbed,  your  Hand  be  brought 
along  down  very  near  by  the  Tube,  it  will  prevent  its  Effedt. 

30.  If  the  Fingers  be  moved  nimbly  by  the  Tube,  as  if  you 
went  to  ftrike  it  in  a  Diredlion  perpendicular  to  its  Axis,  the 
Effluvia  will  be  heard  to  fnap  againft  the  Finger  (or  beat 
back  from  it)  againft  the  Tube,  like  the  Crackling  of  a  green 
Leaf  in  the  Fire,  but  not  fo  loud. 

1 1.  Tn  hot  and  moift  Weather,  the  Tube  requires  a  great  deal 
of  rubbing  before  it  will  fnap,  and  its  Virtue  will  then  diffufe 
itfelf  but  a  little  Way,  for  what  it  will  when  the  Weather  is 
dry  and  cold* 

12.  In  fine  dry  Weather,  the  Eledirical  Virtue  will  attrasft  at 
the  Diflance  of  eight  or  ten  Feet :  In  clofe  moift  Weather,  not 
above  the  Diftance  of  two  Feet. 

13.  After  the  Feather  is  attradled,  and  has  ftuck  to  the  Tube 
fome  Time,  it  $111  fly  off,  or  be  repelled,  and  never  return  to 
the  Tube  again  till  it  has  touched  fome  other  Body. 

34.  If 
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Wax ,  Glafs,  &c.  whofe  Particles  are  fuch, 
that  being  greatly  rarefied  and  agitated,  (by  the 
Heat  occafioned  by  Attrition ,  or  rubbing  of 
them)  they  fly  off  to  a  certain  fmall  Diftance, 
but  not  beyond  the  Sphere  of  the  Body's  At* 
traCtion  ;  and  therefore,  by  this  Attraction , 
they  are  obliged  to  return  again  to  their  old 
Quarters. 

A.  Why  then,  I  fuppofe,  it  is  by  their  fly¬ 
ing  off,  that  light  Bodies,  as  Feathers ,  Hairs , 
&c.  are  repelled  from  the  eledxical  Body  ;  and 
by  the  Return  of  thofe  Particles,  they  are 
again  inftantly  compelled  back,  and  attached 
to  the  faid  Body. 

B.  Yes,  that  is  the  Cafe,  as  underlined  at 
prefent ;  but  for  the  real  Caufe  of  Attraction 
or  Gravity  in  general.  Sir  Ifaac  Newton  pro- 
fefieth  himfelf  entirely  ignorant  of  it^  even 
though  he  makes  this  Principle  of  Attraction  or 
Gravity  the  Bafis  of  all  his  Philofophy:  Where- 

14.  If  the  Finger,  Cfr.  he  held  near  the  Tube,  the  Fea¬ 
ther  will  alternately  fly  from  the  Finger  to  the  Tube  ;  always 
flretching  out  its  Fibres  towards  the  Objeft  it  flies  to  embrace. 

15*  Moft,  if  not  all,  thefe  Effects  fucceed  in  Vacuo,  only  the 
Light  excited  by  Attrition  will  be  of  a  purple  Colour,  in  a 
much  greater  Quantity,  and  all  within  the  Glafs. 

1 6,  An  exhaufted  Tube  lofes  all  its  Virtue  externally,  which, 
in  this  Cafe,  is  wholly  exerted  within  the  Tube. 


See  a  great  Number  of  curious  and  forprizing  Experiments 
concerning  Electricity  in  Dr.  Priejiley' s  Hiflory  and  Prefent 
State  of  Ele&ricity.  ^to. 
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fore  let  us  now  difcourfe  of  fome  other  Pro^ 
parties  of  natural  Bodies  *. 

C  PI  A  P.  X. 

Of  Tr  ansparency  and  Opacity,  D  EN- 
sity  WRarity,  Hardness  ot^Softt 
ness,  Rigidity  and  Flexibility,  in 

Bodies. 


O  I  R,  I  thank  you  for  your  Infractions 
concerning  Gravity  Attraction,  and 
ill  all  be  very  glad  to  hear  you  farther  on  the 
other  Qualities  of  Bodies ;  and,  firft,  what 

may  we  underftand  by  the  Tranfp  ardency  and 
Opacity  of  Bodies  ? 

B.  Pranfparency  is  that  Quality  of  certain 
Bodies, whereby  their  Su.bftance  is  enlightened, 
and  Objeft'S  appear  vifible  through  them,  as  in 
Glafs ,  Cryftal,  &c.  and  therefore  thofe  Bodies 
are  called  cTranfparen>  9  Pellucid ,  or  Diapha¬ 
nous,  all  which  Terms  imply  the  fame  Thing. 
Opacity  is  the  Quality  oppoiite  hereto ;  and 
thofe  Bodies  are  laid  to  be  Opake ,  whole  Mat¬ 
ter  is  not  tranfparenty  or  through  which  Ob¬ 
jects  are  not  vifible. 

*  Sir  Ifa'ac* s  Words  are~~“  Hitherto  I  have  expounded 
the  Phenomena  of  the  Heavens,  and  of  the  Ocean,  by  the 
Power  of  Gravity  ;  but  the  Caufe  of  Gravity  I  have  not  yet 
“  affigned.” — Again,  fpeaking  of  the  Laws  of  Gravity,  he 

fays, - “  But  the  Reafon  of  thefe  Properties  of  Gravity  I 

“  have  not  been  able  ro  deduce  from  Phenomena,  and  I  frame 
se  no  Hypothecs.  It  is  enough,  that  Gravity  doth  aft u ally 
154  exift,  and  afts  according  to  the  Laws  I  have  expla  tied,  and 
is  fufficient  to  account  for  all  the  Motions  of  the  heavenly 
Ci  Bodies  and  Sea.”  Princip .  Philo/ophia ,  Edit.  3 tia-  Pag.  ult , 
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A.  Pray  what  is  the  Caufeof  thefe  Qualities? 

B.  T  he  Caufe  of  'Tranfparency  is  owing  to 

that  Conftitution  of  Bodies  which  admits  the 
Rays  oj  Light  to  pals  through  their  Pores  in 
right  Lines,  and  in  all  X3ireclions  whatever; 
and,  on  the  contrary,  Opacity  is  the  Effect  of 
Light  obltrudted  in  itsPaffage  through  Bodies, 
or  that  which  is  not  tranfmitted  in  right 
Lines  # 

A.  It  fee  ms  to  follow  from  hence,  that  the 
Matter  of  tranfparent  Bodies  mail  be  very  lit¬ 
tle  in  Proportion  to  their  Pores. 

jB.  Very  little  indeed  ;  fo  little,  that  a  cele¬ 
brated  Philofopher  questioned  whether  the 
Quantity  of  Matter  in  Glafs  was  more  in  Pro¬ 
portion  to  its  Bulk,  than  one  Grain  of  Sand 
to  the  Bulk  of  the  whole  Earth 

A .  In  what  Proportion  are  Bodies  tranfpa- 
reni  ? 

*  Sir  Ifaac  Newton,  in  the  Propositions  ofhis  fecondBook  of 

Optics,  thews, - That  the  lead  Parts  of  almoil  all  natural 

Bodies  are  in  fome  Meafure  tranfparent,  and  the  Opacity  of 
thofe  Bodies  arifes  from  the  Multitude  of  Reflexions  caufed  in 
their  internal  Parts.  Alfo,  that  the  Parts  of  Bodies,  and  their 
Interftices,  mult  be  of  a  definite  Magnitude,  to  render  them 
opake  and  coloured;  fince  the  opakeft  Bodies,  if  their  thin 
Parts  be  fubtilly  divided,  (as  Metals  diflolved  in  acid  Menftiu- 
xims,&c.)  become  tranfparent.  Again,  opake  Bodies  (he  fliews) 
become  tranfparent,  by  filling  their  Pores  with  any  Subfiance 
of  equal  or  hlmofi  equal  Denfity  with  their  Parts.  Thus  Paper 
dippedin  Water  and  Oil,  the  Oculus  Mune/iStone  deeped  in  Wa¬ 
ter,  Linen  Cloth  oiled  or  varnifhed,  and  many  other  Subfiances 
foaked  in  fuch  Liquors  as  will  intimately  pervade  their  little 
Pores,  become  by  that  Means  more  tranfparent,  than  other- 
wife.  See  more  to  the  fame  Purpofe  in  the  fame  Place, 
f  Dr.  Kelli,  in  his  Introduction,  Left.  5th.  Page  67. 
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B .  In  Proportion  to  the  Rarity  and  Denjity 
of  Matter. 

A .  What  do  you  call  the  Rarity  and  Den - 
Jity  of  Matter  ? 

B.  By  Rarity  is  underftood  the  Thinnefs  of 
the  Particles  of  Matter ;  and  by  Denfity,  the 
Thicknefs  thereof;  in  refpedt  of  the  Bulk  of 
Bodies. 

A .  Then  the  Denfity  of  Bodies  hath  regard 
both  to  their  Matter  and  Magnitude ,  I  under- 
Hand  by  this ;  but  what  is  the  Proportion  ? 

B.  The  Denjities  of  two  Bodies  are  in  a  Pro¬ 
portion  compounded  of  the  diredl  Proportion 
of  their  Quantities  of  Matter,  and  a  reciprocal 
Proportion  of  their  Magnitudes. 

A.  I  believe  I  could  better  apprehend  you* 
if  you  would  be  pleafed.  Sir,  to  exemplify 
this  Matter. 

B .  I  will.  Thus  fuppofe  A  be  a  Body  which 
hath  eight  Parts  of  Matter,  and  five  Degrees  cf 
Magnitude ;  and  B  be  a  Body  having  two  Parts 
of  Matter,  and  ten  Degrees  of  Magnitude ;  then 
the  Denfity  of  A  will  be  to  the  Denfity  of  B,  as 

=  a  =  i>  thatis  =£=£,  or  A  :  B  ::  8  : 
3 ;  therefore  the  BodyA’s  D^/fyiseightTimes 
greater  than  the  Denfity  of  the  Body  B*. 

A.  What 

*  i.  Let  us  (Fig,  LIII.  of  Plate  VII,  fronting  page  99)  illuf- 
trate  this  Example  ;  and  fince  the  Denfities  of  A  and  B  are  in 
the  compound  Ratio  of  the  Quantities  of  Matter  dire&ly,  and 
of  their  Magnitude  reciprocally  ;  it  will  follow, 

2.  That  their  Bulks  areas  dire&ly  as  the  Qu  antities  of  Mat¬ 
ter  compounded  with  the  Denfities  reciprocally. 

3.  That  the  Quantities  of  Matter  will  be  in  the  compound 
Ratio  of  the  Bulks  into  the  Denfities  dire&ly. 


Of  Denfity,  Rarity,  &c.  i  j  i 

A.  What  Means  are  thofe  Qualities  moft  of 
all  increafed  or  diminifhed  by  ? 

B.  Heat  and  Cold  ;  for  Heat,  by  dividing, 
extending,  and  expanding  the  Particles  of 
Bodies,  doth  attenuate  and  rarefy  them,  and 
this  is  called  Rarefaction on  the  contrary. 
Cold,  by  uniting  and  contracting  the  Particles 
of  thin  Bodies,  doth  thicken  and  condenfe 
them,  and  this  is  called  Condenfation. 

_  A.  Do  not  the  Hardnefs  and  Softnefs  of  Bo¬ 
dies  arife  from  their  Denjity  and  Rarity  ? 

B.  No,  Sir  :  The  Hardnefs  of  Bodies  arif- 
eth  from  the  mutual  Attraction  of  the  moft 
minuteprimogenial  Particles  of  Matter,  where¬ 
by  they  firmly  cohere,  and  are,  as  it  were, 
conglutinated together:  When  this  Firmityor 
Cohefion  of  Parts  is  fo  ftrong,  that  the  Pref- 
fure  of  the  Finger  will  not  part  or  difplace 
them,  then  we  fay  fuch  Bodies  are  hard;  but, 
on  the  contrary,  when  they  give  way,  or  yield 
to  the  Touch,  we  call  them  foft  Bodies. 

A.  What  Figure  of  thofe  primitive  Particles 
of  Matter  is  moft  requifite  to  produce  Hard¬ 
nefs  or  Firmity  of  Bodies  ? 

B.  The  nearer  the  Figures  of  thofe  Particles 
approach  to  the  Figures  of  the  five  regular 
Bodies,  or  the  greater  their  Superficies,  by 
which  they  touch  one  another,  the  ftronger 

4.  If  the  Balks  are  equal,  the  Quantities  of  Matter  in  two 
bodies,  AB,  will  be  direftly  as  their  Denfities. 

5.  If  the  Denfities  are  equal,  their  Bulks  and  Quantities  of 
Matter  are  dirc&ly  proportional. 

6.  If  the  Quantities  of  Matter  in  each  be  equal,  the  Bulks 
will  be  in  a  reciprocal  Ratio  of  the  Denfities. 
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will  be  their  Attraction ;  and  confequently  the 
greater  their  Cohejion ,  F trinity >  or  Hardnefs  : 
But  by  how  much  lefs  Superficies  they  touch, 
and  by  how  much  the  eafier  they  flip  and  Hide 
by  and  over  each  other,  by  fo  much  the  fofter 
ihall  we  find  the  Bodies ;  and  this  in  various 
Degrees  even  to  Liquidity 

A .  Is  it  not  alfo  to  the  Size,  Shape,  &c.  of 
thole  fmall  Particles  of  Matter,  that  the  Rigi¬ 
dity  and  Flexibility  of  Bodies  are  owing  ? 

B.  No  doubt  of  it,  though  it  cannot  be  pofi- 
tively  defined:  But  by  the  Analogy  of  Reafon, 
Rigidity  or  Stiffnefs  of  Bodies  feerns  to  depend 
on  two  Things:  Firjl ,  an  oblong  Square-figu¬ 
red  Set  of  Particles,  which  are  (fecondly )  une¬ 
qually  placed  or  jointed  together,  as  thus 
(3H^pBi)  for  the  Want  of  For  ofay  and  the 
mutual  Attraction,  with  the  Refinance  arifing 
from  the  Pofition  of  Particles,  will  caufe  Ri¬ 
gidity  ;  and  by  how  much  lefs  Particles  are 
endued  with  fuch  Modifications,  by  fo  much 
the  more  Bodies  are  flexible  or  liable  to  bend  ; 
whence  their  Flexibility  •f*. 

*  See  what  has  been  faid  of  the  Attraction  of  Cohefien  in 
Note  *  in  Page  103.  ' 

f  See  further  on  this  Subject,  Boer  have’s  Meth.  Defcend. 
Medicinam.  C.  Bartholine’ s  Specim.  Nat.  Philof.  Cap.  6. 
Mujfchenhroekh  Elements  Phyfico-Math.  Part  I.  Cap.  16.  J- 
Clerici  Phyfica,  Lib.  V.  Cap.  16,  17.  Chambers’ s  Dictionary, 
and  Harris’s  Lexicon,  under  thefe  Words.  Rohaulti  Phyfica, 
Cap.  22  ;  and  Dr.  Clarke’s  Notes,  at  Art.  9.  Regnault’ s  Phil. 
Converf.  Vol.L  Conver.  9.  with  Dale’s  Notes.  ^  And  the 
Authors  mentioned  in  Johnfon’s  Quseit.  Philofophicas,  Page 
13,  14,  15,  16,  17,  18. 
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CHAP.  -XI. 

Of  Consistence  and  Fluidity,  Heat 

and  Cold,  Humidity  and  Siccity, 
Elasticity,  Odours,  and  Sapours  of 

Bodies. 

A-  \  \  T  ^  ^  T  do  you  mean  by  the  Con~ 
W  Jifence  of  Bodies  ? 

B.  That  State  of  Bodies  whereby  the  con¬ 
fluent  Particles  do  naturally  keep  the  fame 
Pof  tion  to  each  other,  and  are  not  to  be  moved 
or  feparated,  but  by  fome  coercive  external 
Force;  whence  this  Quality  is  alfo  called  the 
Fixity  of  Bodies. 

A.  Whence  doth  this  Fixity  or  Confidence 
of  Bodies  arife  ? 

B.  Undoubtedly  from  the  Figure,  Size,  and 
Attra&ion  of  the  conEituent  Particles  of  the 
fame  Sort  with  thofe  which  produce  Hard- 
nefs  and  Rigidity  of  Bodies. 

A-  Is  not  F luidity  oppofite  to  Confifence  ?■ 
And  doth  it  not  arife  from  contrary  Caufes? 

B-  Yes :  F luidity  is  that  State  of  natural  Bo¬ 
dies,  whereby  their  Particles  are  always  in  a 
Flow,  and  are  equally  difpofed  to  move  in  any 
Direction  by  the  leaE  Impreffion. 

A.  What  may  be  the  Caufe  of  Fluidity  f  - 

B.  The  exceeding  Tenuity  or  Smallnefs, 
Sphericity  or  Roundnefs,  Lubricity  or  fmooth 
Slipperinefs,  and  Similarity  or  Likenefs  of  the 
primogenial,  conflituent  Particles  of  Matter: 
For  Particles  thus  modified  muE  always  pro¬ 
duce  a  fluid  Body,  or  SubEance,  as  Water, 
Fire,  &c. 

H  A.  Is 
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A .  Is  there  any  Difference  between  Fluidify 

and.  Liquidity  ? 

B,  Y  es,  a  great  deal :  For  Fluidity  is  a  gene* 
ral  Name  for  all  Bodies  whofe  Parts  yield  to 
any  Impreffion  $  and  thus»a  Quantity  of  Sand 
as  well  as  Water  is  called  a  Fluid:  But  what 
v,  e  properly  call  a  Liquid,  or  Liquor ,  is  only 
that  Kind  or  Species  of  Fluids  which  cleaveth 
to  the  Slouch,  or  /ticket h  to  the  Finger ,  &c. 
which  toucheth  it,  and,  as  we  may  fay,  wettetb 
it,  as  doth  Water,  or  any  Kind  of  Juices. 

A.  What  may  be  the  Reafon  or  Caufe  of 
this  Difference? 

j B.  It  is  owing  to  the  exceeding  Smallnefs 
of  the  Particles  of  Liquids  above  thofe  of  fluid 
Bodies 5  and  alfo  to  their  Weight,  or  Ponde- 
rofity:  For,  by  thefe  Means,  the  Particles  of 
Liquids  enter  the  Pores  of  the  Body  which 
toucheth  them  ;  and  by  their  Weight  and 
Gravity,  cohere  to,  and  abide  therein  j  and  fo 
caufe  Wetnefs  K 

A.  Pleafe  now  to  let  me  know,  Sir,  what 
your  Sentiments  are  of  Heat  and  Cold  in  Bo¬ 
dies,  and  wherein  thofe  Qualities  do  con  lift  ? 

B,  Heat  is  a  Senfaiion  excited  in  the  .Mind 
by  a  great  Agitation  of  the  Particles  of  the  hot 
Body,  which  exerteth  its  Afiion  or  Influence 
on  us ;  fo  that  Heat  in  us  is  only  the  Idea  there¬ 
of!  and  in  the  hot  Body,  Activity  or  Motion, 
and  nothing  eife:  No  Heat  is  fenfible  to  us, 
unlefs  the  Motion  of  the  Parts  of  a  Body,  which 

*  The  cohejivs  Attraction  is  herein  not  a  little  concerned,  as 
will  beeafv  to  conceive  from  Note*  in  Page  103. 
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sfts  on  us,  be  greater  than  the  Motion  of  the 
Organ  or  Part  of  the  Body  adted  upon.  When 
the  Motion  of  the  Parts  of  the  Body  is  lefs  than 
that  or  our  Organs  of  Peeling,  then  it  oc- 
cafions  in  us  the  Senfation  or  Idea  of  Cold,  or 
Co/dnefs . 

A.  Then,  if  I  take  you  right.  Sir,  the  Rea- 
fon  orDifferenceof  Heat  and  Cold,  for  Inftance, 
in  Water,  lieth  in  this:  That  in  the  firfl  Cafe, 
the  Particles  are  by  the  Fire  put  into  a  greater 
Motion  and  Agitation  than  is  in  the  Hand  that 
feeleth  it;  and  in  the  latter  Cafe,  the  Motion 
of  the  aqueous  ^articles  is  in  a  lefs  Degree  than 
of  thofe  in  the  Hand ;  and  thus  we  find  it  to 
be  either  Hot  or  Cold*. 

B.  Yes,  that  is  the  true  Nature  of  the  Cafe, 
according  to  modern  Philofophy  and  manifold 
Experiments. 

A.  Pray  how  do  you  conceive  of  Flame  ? 

B.  As  a  Fluid ,  whofe  Parts  are  ever  in  Mo- 

.*  Motion  here  intended  is  that  inteftine  Motion  which 
exids  among  the  Particles,  and  in  the  Pores  of  any  Body,  and 
m  the  Spirits,  Blood  and  other  Juices  in  the  Organ  of  Feeline, 
to  which  that  Body  is  applied.  °  ° 

Tne  Heat  or  the  ^un  may  be  augmented  to  a  prodigious De- 
giee  by  means  of  a  convex  Lens  cr  concave  Mirrour.  Thus  fup- 
pofe  yon  have  a  trouble  convex  Lens,  four Inches  Diameter,  and 
whole  focal  Difance  is  12  Inches;  it  will  be  found  by  Calcu¬ 
lation,  that  th z  focal,  or  burning  Spot  of  this  Lens  will  be  of 
an  Inch  \  cry  nearly.  How  fmce  Circles  are  as  the  Squares  of 
their  Diameters,  theDenfity  of  the  Sun’s  Rays  filling  on  the 
u hole  Area  of  the  Glafs,  will  be  to  their  Denfity  whencolleft- 
ed  into  the  focal  Spot,  as  the  Square  of  4  to  the  Square  of  T~, 
that  is,  as  1  6  toT^,  or  as  1600  to  i;  and  confequently  the  Heat 
will  in  that  Spot  be  hxteen  hundred  Times  greater  than  the 
common  Heat  cf  the  Sun’s  Rays.  No  Wonder,  then, they  burn 
with  luch  amazing  V lolence  and  Ardor  !  t\  concave  Mirrour  of 
tM  fame  Diameter,  and  focal  Diflance*  will  burn  fill  I  more  in- 
tenfely,bscaufemany  Rays  are  loll  byRefleflion  on  a  convex  Lens* 
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tion,  infenfible,  and  inconceivably  great  and 
which  feems  to  depend  on  the  Air,  in  its  na¬ 
tural  State;  becaufe  a  Candle  will  not  burn  in 
adufiy  or  burnt  Air,  as  is  found  by  Experiment, 

A.  Is  not  Light  and  Fire  pretty  much  the 
fame  Thing,  or  of  the  fame  Nature  ? 

B.  The  Particles  of  Light  and  Fire  agree  im 
feveral  Things,  viz .  i.  In  their  Smallnefs : 
Their  Lumi.nofity;  3. Theirexceeding  Activi¬ 
ty:  4.  Their  Heat  or  burning  Quality  :  For 
the  Rays  of  the  Sun,  colledted  together  by  a 
burning  Glafs,  burn  more  violently  than  any 
common  Fire ;  kindle  Wood  in  a  Moment; 
immediately  make  Iron  or  Steel  red  hot;  melt 
Silver ,  Gold,  &c.  in  half  a  Minute ;  turn  Stones 
into  a  black  Glafs ;  and  Brick ,  Files ,  and  Earth 
itfelf,  to  green  Glafs  in  an  Infant;  from 
whence  we  muft  infer,  the  Particles  of  Light 
and  Fire  are  the  fame 

A*  This  feems  a  juft  Inference  indeed:  But 
becaufe  we  cannot  be  large  on  every  Head, 
pray  give  me  a  final]  Account  of  the  Qualities 
called  the  Humidity  and  Sic  city  of  Bodies  ? 

B.  Humidity ,  or  Moifture  of  Bodies,  is  only  a 
Mixture  of  the  Particles  of  Liquor  with  thofe 
of  the  folid  Matter  of  Bodies ;  thus  Particles  oi 

*  See  concerning  the  . Nature  of  Heat,  Fire ,  Cold,  Sec.  Boer- 
haa-ve’s  Chymiftry,  Parti.  Page  220,  to  276;  and  Dr.  Shaw's, 
large  Notes  thereon.  Mr.  Boyle's  Hiiloryof  Cold.  Cheyne’sYh  il. 
Principles,  Page  6 1 ,62,  63.  DefagnUers’ s  Courfes,  Vol.  !.  Page 
42 1 ,  to  426.  Clare's  Mot.  of  Fluids,  Page  225,  to  229;  alio  287, 
288.  Hales’s  Veg.  Statics,  Page  278,  279,  280.  Cterici  Phyfica, 
Lib.  V.  Cap.  13.  Rohaulti  Phyfica,  Part.  I.  Cap.  23.  Part.  Ilf, 
Cap.  9.  cum  Annot.  Clark .  annexis/  Chambers’s  and  Harr  is’ 
Lexicon,  under  thefe  Words.  Regfrault’%  Phil.  Conver.  Vol.  I. 
Conv.  26  i  and  various  Numbers  of  the  Phil.  Tranfaftions. 
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Water,  mixed  with  Earth,  make  it  humid  and 
moift ;  thus  the  Juices  of  Vegetables  make  their 
Subftance  moift ;  and  the  Want  or  Defedt  of 
this  Moift ure,  or  Liquid  Subftance  in  Bodies, 
is  what  we  call  Skcity  or  DryneJV,  and  which, 
in  moift  Bodies,  is  occafioned  by  the  Sun, 
Fire,  Wind,  &c.  by  attenuating  and  rarefying' 
the  liquid  Particles,  and  thereby  caufing  them 
to  fly  off  in  Steam ,  or  infenfible  Vapour . 

A.  In  the  next  Place,  pray;  Sir,  tell  me 
what  that  Property  is  in  Bodies  which  you  call 
Elajlicity  ? 

B-  It  is  that  Difpofition  of  fome  Bodies, 
whereby,  when  the  Parts  of  the  Body  by  Pref- 
fure  are  put  out  of  their  Place  and  Form,  they 
immediately  again  return  to,  or  recover  their 
firft  P ofition  and  Figure. 

A .  Whence  doth  this  Property  proceed  ? 

B.  It  is  hard  to  fay  what  are  the  particular  Cir- 
cumftances  of  the  Caufe  of  E  lajUcity,  however, 
it  is  certainly  owing  to  the  fpecial  Figure,  Sur¬ 
faces, and  Attradlion  of  thePartsofelafticBodieSo 

A .  Are  all  bodies  elaftic? 

B .  Yes,  in  a  greater  or  lefler  Degree  ;  but 
none  are  perfectly  elaftic.- 

A.  Pray  what  do  you  call  perfeft  Elajlicity? 
B»  That,  whereby  a  Body  recovers  its  Fi¬ 
gure  by  the  fame  Force  it  loft  it. 

A.  Is  there  any  Thing  remarkable  in  thp 
otionofBodies  derived  from  their  Elajlicity? 

B .  Yes :  If  an  elaftic  Body  A  ft  rikes  againft 
the  firm  Bottom  CD,  obliquely  in  the  Dir 
reftion  Ab,  it  will  always  rebound  again  in 
the  fame  Obliquity  FE,  or  fo,  that  the  Angle 
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EFD  (hall  always  be  equal  to  the  Angle  AFC* 
See  Fig.  XVIL  of  Plate  VIII, fronting p.  120. 
Betides  this,  there  are  many  other  Properties 
of  the  Motion  of  fpringy  or  elafHc  Bodies,  a- 
riling  from  their  Spring  or  Flafclcity ;  for 
which  lamer  Volumes  muft  be  consulted  *. 

A-  Well 

*  In  the  Percuffion  or  Striking  of  Bodies  nctelaftic,  there 
are  four  Cafes,  nji%. 

1.  if  one  Body  ftrikes  again  If  another  at  Red,  they  will 
both  move  together  in  the  Direction  of  the  fait  Motion  ;  and 
the  Quantity  of  Motion  m  the  two  Bodies  will  be  the  fame  as 
In  the  fmgle  one  before  the  Stroke* 

2.  If  one  Body  ftrikes  another  moving  the  fame  Way,  but 
Bower,  they  will  both  continue  their  Motion  m  the  fame  Di¬ 
rection  as  before  ;  and  the  Quantity  of  Motion  in  both  will 
ilill  be  the  fame. 

3.  When  two  Bodies  with  equal  Quantities  of  Motion  tend 
both  directly  towards,  and  ftrike  each  other,  the  whole  Motion 
will  be  deftroyed  by  their  Meeting,  and  the  Bodies  will  be  at 
Reft. 

4.  Two  Bodies  moving  both  direftly  towards  each  other  with 
different  Velocities,  after  the  Stroke,  will  both  continue  their 
Motion  in  the  Direction  of  that  Motion  which  had  the  greateft 
Velocity  ;  and  the  Quantity  or  Motion  after  the  Stroke  is  equal 
to  the  Difference  of  their  Motions  before  it. 

In  elajlic  Bodies ,  other  Rules  obtain  :  Suppofe  two  fuch  Bo¬ 
dies  A  and  B  ;  let  A  have  three  Parts  of  Matter,  and  eight  Ce- 
c-rees  of  Velocity  ;  and  B  have  nine  Parts  of  Matter,  and  two 
Degrees  of  Velocity  :  Then,  the  Quantity  of  Motion  in  A 
will  be  24,  and  that  of  B  18.  Now  iuppofing  thefe  Bodies  to 
impinge  on  each  other,  the  Velocity  of  each  after  lmpadl,  and 
the  Direction  of  their  Motions,  may  be  known  as  follows : 

1.  Let  the  Body  A  impinge  on  B  at  Reft  ;  then  from  A  take 
B,  and  multiply  the  Remainder  by  the  Velocity  of  A  ;  divide 
this  Product  by  the  Sum  of  the  Bodies  A  and  B,  the  Quotient 
willexprefs  the  Velocity  of  A  after  the  Stroke.  As  the  Body 
A  is  lei's,  equal  to,  or  greater  than  B  ;  fo  it  will  be  retro¬ 
grade,  or  direct  in  Motion  after  Impadt.  Thus,  in  the  prefent 
Cafe,  the  Difference  of  A  and  B  is  6,  which  multiply  by  A’s 
Velocity  8,  theProdudt  is  48  ;  this  divided  by  the  Sum  of  the 
Bodies  12,  quotes  4,  the  Degrees  of  Velocity  with  which  A 
will  return  back  after  Impact. 

2.  Again,  divide  twice  A’s  Motion  by  the  Sum  of  the  Bodies, 
the  Quotient  will  be  the  Velocity  of  B  after  Impadt.  Thus  48  di¬ 
vided  by  12  quotes  4,  the  Velocity  of  B  after  the  Stroke.  Sothat, 
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A.  Well  then,  leaving  that,  let  us  proceed 
to  what  you  call  the  Odours  of  Bodies ;  pray 
what  are  they,  or  wherein  do  they  con  lift  ? 

The  Gaoia  s  of  .bodies,  by'  arresting  the 
;an  ox  Smelling,  viz.  the  Noie,  do  raifc  and 
excitein  us  the  Senlation  we  call  Sme/l, or  Scent: 

tho’  the  Velocity  be  the  fame,  the  Motion  in  both  Bodies  U 
double  to  what  it  was  at  firft  in  A, 

3.  Let  the  Bodies  both  tend  one  Way,  and  A  follow  B  •  then 
to  the  iViotion  of  A  add  twice  the  Motion  of  B,  from  that  Sum’ 
fubduft  tae  *  roduft  of  A’s  Velocity  multiplied  into  the  Matter 
B  ;  divide  the  Remainder  by  the  Sum  of  the  Bodies,  the  Quo- 
tient  will  be  the  V  elocity  of  A  after  Impact!,  As  the  ‘Pro dud  is 
d//er,  equal  to,  ox  greater  than  the  Sum  (above  mentioned)  fo  the 
Motion  of  A  wiWhe  di  red, none  ai  all,  or  backward  after  theStrokel 
4’  Again,  to  tvvice  tne  Motion  of  A  add  the  Motion  of  B 
from  that  Sum  fubtraft  the  Produfl  of  B’s  Velocity  into  A  - 
divide  the  Remainder  by  the  Sum  of  the  Bodies,  the  Quotient 
will  be  the  \  elocity  of  B  after  the  Impadu 

An  Example  of  each  ,  in  our  preient  Cafe,  is  as  follows. 
r°24®dd,  6,  the  »m  is  60,  which  I  take  from  72,  (as  bein; 
greatek)  tne  r.cmaincer  is  12,  which  I  divide  by  12,  the  Oao 

tien  t  is  1  ;  fo  that  A  returns  back  with  one  Degree  of  Velocity 
having  loft  fe<vcn.  *'  * 

6  Again,  to  $  add  58,  the  Sum  is  66,  from  which  I  take 
6;  the  Remainder  60  I  divideBy  12,  which  quotes  5  for  the 
V  elocity  of  B  s  Motion.  J 

7.  If  the  Bodies  tend  the  contrary  Way,  or  meet;  then,  from 

tne  Sum  of  twice  B’s  Motion.,  and  the  Prodded  of  A’s  Velomtv 
into  B,  take  the  Motion  of  A,  and  divide  the  Remainder  by'the 
Sum  or  the  Bodies,  the  Quotient  is  A’s  Velocity  after  meeting 
.and  as  that  Sum  is  greater,  equal  to,  or  lefs  than  the  faid  Motion 
of  A,  the  Motion  of  A  will  be  backward, none  at  all,  or  forward. 

8.  Again,  to  the  Difference  of  B’s  Motion  and  twice  A’s] 
add  t.ie  Produdl  of  B’s  V  elocity  into  A  ;  divide  the  Sum  by 

the  Sum  of  the  Bodies,  the  Quotient  will  be  the  Velocity  of 
S  after  Refteftion.  J 

O'  *  0  illuftrate  both,  tnefe  Cafes  by  our  prefent  Example 
1  S/m  of  72  and  36  is  108,  from  which  I  take  24;  the  Re- 
mainder  84  I  divide  by  12,  which  quotes  7  for  A’s  Velocity 
backward,  idly.  To  the  Difference  of  48  and  18,  which  is  30 
I  add  6,  and  divide  the  Sum  36  by  12,  the  Quotient  is  3  for 
B  s  Velocity  the  contrary  Way.  D 

.  I0*  TJhe^'e  RuIes  are  applicable  to  all  Bodies,  and  Celerj- 

arnd  *;ho/?ever  wilI>  111  fee  their  InvefUgation  it* 
Introduction,  Ledure  14.  Theor.  29.  Prcb,  3. 
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Thefe  Odours  of  Bodies  are  nothing  but 
Effluvia,  or  exceeding  fine  and  infenfible  Par¬ 
ticles,  flying  off  the  odoriferous  Bodies  in  all 
Directions  ;  and  as  they  float  in  the  Air,  (trike 
sigainft,  and  caufe  in  our  Noftrils  the  aforefaid 
Senfation  of  Smell. 

A .  In  what  Degree  or  Proportion  are  thofe 
Effluvia,  or  Odours ,  fen  Able  to  us  ? 

B.  The  Senfation  which  they  excite  in  us, 
or  the  Degree  or  Intenfity  of  Smell,  is  always 
in  Proportion  to  their  Denfify  or  Thicknefs 
where  we  are ;  and  this  Denfity  always  de- 
creafes  in  Proportion  to  the  Squares  of  the 
Diftance  from  the  odorous  Bodies. 

A.  Pray,  Sir,  can  you  not  make  this  fome- 
what  more  evident  and  plain  by  Example? 

B .  Yes:  LetRreprefent  aRofe,  and  the  Dots 
about  it  theEmanationsof  numberlefs  Effluvia 
of  Odours ;  now  fuppofe  theNofe  in  three  feve- 
ral  Diftances  at  A,B,  and  C,  which  let  be  i,  2, 
and  3  Feet  from  the  Centre  of  theRofe:  Now, 
I  fay,  the  Degree  or  Intenfity  of  Smell,  at 
thole  Diftances,  will  decreafe  in  Proportion  to 
the  Squares  thereof,  1,  4,  9,  /.  e.  it  will  be  four 
Times  lefs  at  B  than  at  A;  and  nine  Times  lefs 
at  C  than  at  A.  Do  you  apprehend  it  now?  See 
Fig .  XVIII.  of  Plate  VIII,  fronting  pa  120. 

A.  Very  welI,*SVr,anfl  am  obliged  to  you :  But, 
pray,  how  conies  it  about  that  fome  irrational 
Animals,  efpecially  fome  Dogs,  can  fmell  any 
Thi  ng  at  fomuch  greater  Diftance  than  we  can? 

B .  This  is  entirely  owing  to  thegreaterPer- 
fedion  of  thatOrgan  in  thofe  Creatures  than  in 
Man,  as  being  on  many  Accounts  more  neceffafy 
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in  them  than  in  us  ;  for  in  them,  God  has 
made  it  one  Means  to  preferve  Life ;  in  us  he 
feems  to  have  defigned  little  more  than  Gra¬ 
tification  and  Pleafure  thereby. 

A.  Whence  do  Sapours  or  La  ft  es  of  Bodies 
arife  ? 

B.  From  a  certain  determinate  Magnitude 
and  Figure  of  the  Particles  of  th ejaporjfic  Bo¬ 
dy,  which,  in  the  Make  of  the  Tongue,  do 
thereby  occafion  the  Senfe  of  Lafte  in  all  Va¬ 
rieties,  according  to  the  different  Modification 
and  Configuration  of  thokfaporiferousV&v tides. 

•  .  A .  But  what  are  thofe  Sizes  and  Figures 
of  Particles  necelfary  to  qualify  them  to  exert 
this faporific  virtue,  which  you  fpeak  of? 

jB.  No  Man  knows  that;  we  fhould  be  con¬ 
tented  to  have  a  general  Knowledge,  when 
Particulars  are  denied  us ;  wehad  better  confefs 
our  Ignorance  in  Naturals,  and  adore  the  fu- 
perlative  Wifdom  of  God,  who  hath  made  it 
his  own  Prerogative  to  know  all  Things;  than 
fpign  vain  or  abfurd  Hypothefes,  with  an  ambi¬ 
tious  ana  impious  View  of  being  thought  om- 
niicient,  or  able  to  account  for  all  Things 

A.  I  think  fo  too  indeed.  Sir,  and  afk  Par¬ 
don  lor  being  fometimes  too  curioufly  inqui- 
litive  about  the  Arcana  of  Nature. 

B.  Sir,  we  are  allowed,  yfea,  it  is  our  Duty, 
to  improve  our  Knowledge,  and  communicate 

1  F or  a  more  particular  Account  of  Odoriferous  Effluvia,  and 
uiQ  wonderful  Sagacity  of  Dogs,  &c.  in  refpeft  or  this  Senfe, 
its  Boyle  on  Effluvia,  Chap.  4.  Alfa  for  Eaffe,  and  the  Caufes 
and  vaii  Diveruty  of  Taffies,  read  Dr  Grew’*  Anar,  of  Plants, 

^nd  the  Treatifes  referred  to  in  Note  f  in  Page  112,  and  Note  * 
jn  Page  1 16. 
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the  fame  to  each  other  fo  far  as  we  are  capable : 
And  having  taken  this  particular  Survey  of  the 
Properties  and  Qualities  of  Bodies,  let  us  pro¬ 
ceed  to  a  general  View  of  the  Univerfe  com™ 
poled  thereof, 

CHAP.  XII. 


Of  Sir  Isaac  Newton;  of  Nature . 


B .  "|"3  U  T  before  we  launch  out  into  the 
If  J)  boundlefs  Extenfion  of  the  Univerfe, 
where  we  ilo all  fee  every  Thing  in  Motion  all 
about  us,  it  will  be  proper  previoufly  to  con¬ 
sider  that  (though  we  have  already  feen.  the 
general  Properties  and  Phenomena  of  Motion, 
yet)  there  are  fome  Hated  certain  Rules ,  or 
Laws*  by  which  all  the  Motions  of  all  natu¬ 
ral  Bodies  arc  conftantly  governed  and  deter¬ 
mined,  and  by  which  every  Thing  relating  to 
Motion  may  be  explained. 

A.  flow  many  are  thofe  Paws  ? 

i>.  Sir  Ifaac  Newton  has  laid  down  three. 

A,  But,  pray,  if  you  pleafe,  tell  me  why  they 
are  called  Sir  Ifaac  Newton  s  Laws  oj  Nature  ? 

B.  That  is  more  than  I  can  do  :  Sir  Ifaac 
was  not  the  firft  Inventor  of  them,  fmce,  if 
you  pleafe,  you  may  fee  them  in  Monfieur 
~Des  Cartels  Phisofbphy,  which  was  know'll 
before  Sir  Ifaac  s  appeared  A 

A .  Pray  what  are  thofe  Laws  ? 

B.  The  Firft  is  this : 


*  See  Des  Caries  Frindpia  Fhihfcphia. ,  Part  II.  Pag.  38, .39, 
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LAW  I. 

All  Bodies  continue  in  their  State  of  Ref ,  or 
Motion ,  uniformly  in  a  right  Line,  excepting 
they  are  obliged  to  change  that  Eft  ate  by  Forces 
imprefed . 

What  is  the  Foundation  of  this  Law  ? 

B.  We  lee  all  Bodies,  by  their  Nature,  are 
inactive  and  incapable  of  moving  themfelves; 
wherefore,  unlefs  they  be  moved  by  feme  ex¬ 
ternal  Agent,  they  muft  neceflarily  remain  for 
ever  at  Reft. 

A .  But  why  muft  a  Body  in  Motion,  if  left 
to  itfelf,  for  ever  fo  continue  in  a  right-lined 
Courfe  ? 

B .  We  know  this  by  daily  Experience;  for 
when  any  Body  is  put  into  Motion,  it  conti¬ 
nues  to  move  in  the  fame  redtilineal  Direct 
tion,  and  with  the  fame  Velocity;  until  the 
Refiftance  of  the  Air,  the  Power  of  its  own 
Gravity,  the  Make  of  the  Body,  or  fome  other 
external  Caufe,  determines  it  from  a  right- 
lined  Dire&ion,  diminiihes  its  Velocity,  and 
brings  it  at  laft  to  a  State  of  Reft*. 

A .  If  this  be  the  Cafe,  pray  how  comes  it 
to  pafs  that  the  Sun ,  Moan,  Comets,  See.  con¬ 
tinue  their  Motion  fo  long  ;  have  the  Regi¬ 
ons,  thro’  which  they  move,  no  Refiftance  ? 

*  Motion,  when  once  produced  in  any  Body,  can  never  be 
impeded,  diminiflied,  or  deftroyed*  but  from  fomething  with¬ 
in  or  without  the  Body.  Now  ali  Experience  teflifies,  that 
Matter  is  in  itfelf  inert,  and  powerlefs,  and  fo  abfolutely  fo, 
that  it  can  in  no  wife  be  considered  as  the  Caufe  of  any  Thing 
either  within  or  without  itfelf;  confequently,  whatever  re¬ 
tards  cr  deftroys  Motion  muft  be  fomething  external  to  the  Body 
moved  ;  but  in  a  perfect  Vacuum  there  is  nothing  of  any  Kind, 
therefore  in  fuch  a  Cafe  Motion  muft  of  Neceffity  be  perpetual. 

B.  The 
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B .  The  Bodies  of  the  Planets  and  Comets  are 
Tartly  great;  and  the  Spaces,  thro’  which  they 
move,  have  fmall  Relirtance,  by  which  Means 
they  conferve  their  Motions  the  longer. 

A.  Pray  what  is  the  next  Law  of  Nature  ? 

The  Second  Law  is  this  : 

LAW  II. 

All  Change  of  Motion  is  proportional  to  the 
Power  of  the  moving  Force  imprejfed ;  and  is 
always  made  according  to  the  Right  Line  in 
which  that  Force  is  imprejjed. 

A.  What  do  you  obferve  from  thence  ? 

That  if  any  Power  produceth  any  Mo¬ 
tion  ;  another  Power,  which  is  double,  triple, 
&c.  will  produce  a  double,  triple,  &c.  Quan¬ 
tity  of  Motion ;  whether  it  be  imprefled  toge¬ 
ther,  and  at  once,  or  fucceffively  by  Degrees  ; 
And  this  Motion  (becaufe  it  is  ever  determined 
towards  the  fame  Part  with  the  generating 
Force)  is  added  to  the  Motion  of  a  Body  in  the 
lame  Direction  by  Impad,  and  it  will  move 
fo  much  the  quicker;  but  it  is  fubtraded 
from  the  Motion  of  a  Body  in  contrary  Di¬ 
rection,  and  therefore  that  Body  will  move  fo 
much  the  flower.  It  is  alfo  obliquely  joined  to 
the  Motion  of  a  Body  obliquely  moving;  and 
will  be  compounded  with  it  according  to  the 
Determination  of  both.  Hence  a  very  con- 
fiderable  Confequence  will  follow. 

A.  Pray  what  is  that  ? 

B.  Why,  according  to  the  prefent  Conrtitu* 
tion  of  Things,  it  follows  from  this  Law,  there 
can  be  no  perpetual  Motion  ;  fpr  by  this  Law, 
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the  Motion  produced  is  but  proportional  to  the 
generating  Force;  and  all  Motions  on  this 
Globe  being  performed  in  a  refitting  Medium, 
V7Z.  the  Air,  a  confiderable  Quantity  of  the 
Motion  mufi,  in  the  Communication,  be  fpent 
on  this  Medium;  and  confequently  it  is  im- 
pofilble  the  fame  Quantity  (hould  return  undi- 
miniihed  upon  the  firft  Mover,  which  yet  is 
neceffary  towards  a  perpetual  Motion;  Befides, 
that  fuch  a  Diminution  of  Motion  will  be 
greatly  increafed  by  the  conftant  Fridtion  of  the 
Parts  of  the  Machine;  for  there  will  be  more 
or  lets  of  that,  be  the  Inftrument  ever  fo  well 
contrived,  there  being  no  fuch  thing  as  abfolute 
Smoothnefs  or  perfect  Congruity,  in  Nature  ; 
at  leaft,  not  in  any  of  the  Works  of  Man 

A.  Pray  what  is  the  third  Law  % 

B.  This: 

LAW  HI. 

Repulfe ,  or  Re-adlion ,  is  always  equal,  and 
in  contrary  Direction  to  Impulfe  or  Adi  ion  ;  i.  e. 
the  Action  oj  two  Bodies  upon  each  other  is  al-> 
ways  equal ,  and  in  contrary  Directions, 

A.  Can  you  illuftrate  this  Matter  a  little  by 
a  familiar  Inftance  or  two  ? 

f*  Yes:  Thus,  if  youprefs  a  Stone  with  your 
Finger  downward,  the  Stone  equally  prefies 
your  finger  again  upward  :  If  a  Horfe  draw 

Concerning  a  perpetual  Motion,  the  Machine  contrived 
ror  that  Purpofe,  and  the  Reaf&ns  and  Arguments  which  evince 
the  Impoflibility  thereof,  fez  Defaguliers’ s  Courfe,  Vol.  I.  Page 
J7/>’  to  iy$.'  Cbeyne’s  Philof.  Principles,  Page  1 6,  m  and 
L  ham  far  s  s  Dictionary  at  the  Word,  with  feveral  other  Authors. 

for- 
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forward  a  Stone  tied  to  a  Rope,  the  Stone  equal¬ 
ly  draws  back  the  Horfe ;  for  the  Rope  being 
equally  diftended  both  Ways,  ads  on  both 
Horfe  and  Stone  equally.  The  Anvil  ftrikes 
the  Sledge  with  the  fame  Force  the  Sledge 
ftrikes  it,  which  therefore  rebounds  or  flies 
back.  The  Steel  draws  the  Magnet,  as  much 
as  the  Magnet  draws  the  Steel;  as  is  evident  by 
making  both  fwim  in  Water.  When  a  Barge  is 
pulled  to  the  Bank  by  a  Rope,  the  Bank  pulls 
the  Barge  as  much  as  the  Bargeman  pulls  the 
Bank:  And  in  the  Defcent  of  heavy  Bodies,  the 
Stone  that  falls  attrads  the  Earth  as  much  as 
the  Earth  attrads  it;  that  is,  the  Motion  of  the 
Earth  is  equal  and  contrary  to  that  of  the  Stone, 

A .  Why  thefe  are  all  Paradoxes  furely ;  I 
cannot  conceive  how  it  can  be,  nor  believe 
that  the  Earth  moves  as  much  towards  the 
Stone,  as  the  Stone  does  towards  it  in  falling. 

B.  But  it  is  true,  and  is  what  1  proved  to 
you,  if  you  remember,  when  we  difcourfed  of 
the  Gravitation  of  Bodies  towards  each  other. 
I  there  ill e wed,  the  Reafon  we  cannot  feefuch 
a  Motion  of  the  Earth,  is  becaufe  of  the  in- 
com prehen ffbJe  Difparity  of  the  Velocities  of 
the  Stone  and  theEarth  :  For,  as  I  {hewed  you 
on  the  Subjed  of  the  Motion  of  Bodies,  the. 
Motions  of  any  two  Bodies  may  be  equal  to  each 
other ,  when  the  Velocities  of  their  Motions  are 
infinitely  different'. 

A .  It  is  true,  I  remember  you  did  fo  ;  and 
I  find  what  creates  the  Wonder,  is  only  a 
.Mi flaking  of  Velocity  for  Motion y  which  is 
an  entire  different  Thing. 

B.  Yes, 
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t  -B-  Ye?,  it  is  fo;  and  in  mod  Cafes,  were 
tne  true  Nature  and  Differences  of  Things  well, 
attended  to,  we  fhould  not  be  fo  liable  to 
inglorious  Wonder  and  Aftoni  foment  (thecon- 
ftauiEifeft  of  Ignorance)  as  we  too  commonly 
are.  On  this  third  Law  depends  all  the  Doc¬ 
trine  of  the  Lofs  and  Gain  of  Motion  in  Bo¬ 
dies  impinging  on  each  other,  according  to" 
Note  •••  in  Page  x  1 8.  But  now  let  us  extend 
cur  View  over  the  univerfal  Space  f . 


.  +  Sei-  the  Laws  of  Nature  explained  more  abundantly  at  larae 

M  SfhT>Ne,'WfmX  PrinciP-  P?ge  '3>  &  feqq.  Grave/.  Elem. 
ft'.atth  Book  I.  Chap.  12.  Kali’s  Introd.  to  Nat.  Philof.  Left. 

XI,  All.  Defaguhers’s  CourfeofExp.  Philof.  Left.  V.  and  An- 
>iot.  thereon.  Daniil  Philof.  Newton  Tom.  II.  Page  1  r . 
Cheyne’s  Philofoph  Principles,  Page  7  to  24.  Worker’s  Philof. 
Page  4;.  Wetfter’s  Prin.  of  Nat.  Phil,  from  Page  45  to  no  - 
and  various  Writers  on  Mechanics.  ’ 
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COSMOLOGY: 

CONTAINING, 

I.  A  general  View  of  the  Univerfe. 

IX.  The  Philofophy  of  the  Sun. 

III.  The  Philofophy  of  the  Moon. 

IV.  The  Philofophy  of  the  Planets . 

V.  The  Philofophy  of  the  Comets. 

VL  The  Philofophy  of  the  fixed  Stars . 

Explaining  their  Nature,  Properties,  and  Xffettions,  fo  far  a* * 
they  are  at  prefent  known  and  underftood. 


^  CHAP,  X, 

Of  Cofmology  in  general ,  of  the  mundane  Space , 
of  a  Vacuum ,  of  Duration  or  Time . 

do  you  ca^  ^econd  grand 
VV  Divifion  of  the  Science  of  Nature 

• 

Account  of  the  Propriety  of  the 
original  Senfe  of  the  Word,  and  its  Congruity 
with  the  Things  which  are  the  Subjects  of  the 
Science  intended  thereby. 


Cofmology 
B.  On 


A.  What 


I 


i the  Conftit.  and  Paris  of  the  Univerfe,  129 

A.  What  is  originally  imported  by  the  Word 
CoJ'mology  ? 

B.  It  is  compofed  of  the  two  Greek  Words, 
/toVf'O?,  the  World,  and  Ac  you  a  Difconrfe  ; 
and  therefore,  by  Cofmology,  is  implied  a  phi¬ 
losophical  or  phyfiological  JJfcourfe  of  the 
World,  or  Univerfe  in  general. 

A.  In  what  Manner,  or  Order,  then,  do  you 
defign  to  proceed  in  taking  this  general  View, 
or  Survey  of  the  Univerfe  f 

B.  In  the  firft  Place,  to  obferve.  the  Order 
and  Conflitution  of  it,  fo  far  as  it  is  known, 
with  the  feveral  Parts  thereof  great  and  fmall. 
Secondly ,  we  will  take  fome  Notice  of  the 
Mundane  Space ;  in  .which  the  various  Parts 
or  Bodies  of  the  Univerfe  do  confjft,  and  are 
pofited  here  and  there.  Thirdly ,  we  fhall  dif- 
courfe  a  little  of  the  Nature  of  Duration  or 
Time,  whereby  the  Motions  of  all  the  Bodies 
in  the  Univerfe  are  meafured. 

A .  This  will  be  very  delightful  indeed;  pray 
make  a  Beginning.  What  do  you  firft  obferve 
in  the  general  Conftitution  or  Frame  ? 

B.  1  he  firft  great  Phenomenon  of  the  Uni- 
verfe,  which  more  eminently  ftrikes  our  Sen- 
fes,  is  that  glorious  Luminary  we  call  the  Sun, 
the  Source  of  Light,  and  Centre  of  our  Plane - 
tary  Syftem,  or  about  which  the  Chorus  of  all 
the  Planets  move. 

A .  What,  do  you  fuppofe  the  Sun  to  be  the 
Centre  of  the  Planets  Motion,  and  not  a  moV“ 
ing  Planet  itfelf  ? 

B.  Yes;  the  Sun  is  in  the  Centre  of  our  Syf¬ 
tem,  round  which  the  primary  Planets  move. 
See  Fig.  XIX.  of  Plate  X,  fronting/?,  i  34. 

I  A,  Pray 
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A .  Pray  which,  and  how  many  are  thole 
you  call  primary  Planets  ? 

B.  They  are  in  Number  fix;  and  their 
Names  are,  Mercury ,  Venus ,  th e  Earth,  Mars, 
Jupiter,  and  Saturn ;  thefe,  in  different  ftated 
Periods  of  Time,  all  revolve  about  the  Sun,  in 
the  Order  I  have  rehearfed  their  Names. 

A.  But,  pray,  what  becomes  of  the  Moon , 
that  you  mention  her  not  amongft  the  Pla¬ 
nets  ?  And  how  came  you  to  make  a  Planet 
of  this  Earth  in  her  dead  ? 

B .  I  am  taught  by  the  modern  Phyjiology  fo 
to  do;  it  is  very  certain  the  Earth  is  a  Planet , 
and  moves  about  the  Sun  with  the  reft  :  And 
as  to  the  Moon,  I  do  not  fay  fhe  is  not  a  Pla- 
net ,  but  not  a  primary  or  principal  one. 

A*  Why,  Sir,  what  Difference  do  you  make 
in  the  Kind  of  Planets  ? 

B.  There  is  difcovered  a  two-fold  Kind,  of 
Planets ,  viz/  There  are  fome  very  great  and 
large  ones,  which  regard  the  Sun  as  the  Centre 
of  their  Motions ;  thefe  are  called  primary 
Planets ,  and  are  thofe  before  named  :  Again, 
there  are  other  leffer  ones,  called  Satellites ,  or 
Attendants ,  which  circulate  round  fome  pri¬ 
mary  Planet ,  as  their  Centre  ;  and  thefe  are 
termed  fecondary  Planets ,  and  fuch  a  one  is 
the  Moon  *. 

*  The  Word  Satelles  is  Latin,  and  with  the  Romans  fignified 
an  Officer ,  Serjeant,  or  Yeoman  of  the  Guard  of  a  Prince,  whofe 
Office  was  to  attend  and  defend  his  Perfon ;  whence  the  Aftro- 
nomers,  by  an  eafy  Metaphor,  call  a  Moon  (which  conllantly 
attends  its  proper  Planet  in  all  his  Revolutions  about  the  Sun) 
a  Satelles ,  and  if  there  be  more  than  one,  Satellites,  which  is  a 
four-fyllable  Word,  vis.  Sa-tel-li-tes,  and  not  a  three-fyllable 
©ne,  as  it  is  vulgarly,  though  vicioufly  pronounced. 

A .  Sure 
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Sure  it  will  be  thought  very  ftrange,  that 
the  Moon  (which,  next  to  the  Sun ,  is  the  great- 
eft  Luminary  in  the  Heavens)  fhould  be  ef- 
teemed  only  as  a  fmall  fecondary  Planet ;  the 
Moon  is  little  obliged  to  your  new  Philofophy, 
being  thus  degraded  from  her  ancient  flbining 
Poft  among  the  primary  ones  ! 

B .  What  I  fay  on  this  Head  is  founded  on 
Reafon,  Obfervations,  and  Experiments ;  and 
therefore  claims  Belief  before  thofe  Notions 
which  depend  only  on  vulgar  Senfe,  and  were 
the  Products  of  a  mod  rude  and  barbarous 
Age,  though  ever  fo  glaring  :  Remember,  all 
is  not  Gold  that  gliflers. 

A.  Well,  I  am  glad  to  meet  with  Truth, 
whatever  I  exchange  for  it:  But  what  do  you 
next  obferve  in  this  wonderous  Frame  P 

B.  The  amazing  Bodies  we  call  Comets ; 
which  make  fuch  prodigious  Excurfions  into 
the  unknown  diftant  Regions  of  the  Univerfe , 
as  to  take  up  (tome  of  them)  feveral  hundred 
Years  in  making  one  Revolution  about  the  Sun . 

A .  I  fuppofe,  by  Comets  you  mean  blazing 
Stars-,  and  do  they  likewife  move  about  theSim? 

B.  Yes;  but  in  Orbits  vaftly  eccentric,  and 
approaching  nearer  to  the  Form  of  a  Parabola, 
than  an  Ellipfs  or  Circle . 

A .  Well,  what  next  to  thefe  offer  for  the 
Subjedt  of  our  Contemplation,  in  this  uni* 
verfal  Scene  ? 

B .  The  fixed  Stars,  which  enamel  and  be* 
fpangle  the  concave  Expanfe,  or  Canopy  of 
Heaven;  which,  by  their  Numbers  and  Luftre, 

make  theNight  beauteous  and  delightful,  which 

I  Z  would 
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would  be  otherwife  dark  and  horrible  :  And 
thus  I  have  rehearfed  to  you  all  the  great  Parts 
of  which  the  World  doth  confift,  fo  far  as  we 
know  any  thing  of  it  'A 

*  The  Syjlem  of  the  World  now  defcribed,  is  not  a  late  Inven  - 
tion,  but  was  known  and  taught  by  the  wife  Samian  Pythagoras r 
and  others  among  the  Ancients,  which  in  after  Times  was  loft; 
till  in  the  15th  Century  it  was  again  revived  by  thefamous  Polijb 
Philofopher,  Nicholas  Copernicus ,  who  was  born  at  Thorn  in  the 
Year  1473*  In  this  he  was  followed  by  the  greateft  Mathema¬ 
ticians  and  Philofophers  that  have  fin.Ce  lived,  as  Kepler ,  Galileo „ 
De/cartes ,  Gaffendus ,  and  Sir  Ifaac  Newton,  who  has  eftablifhed 
thisSyftemon  fuch  an  everlafting  Foundation  of  Mathematical 
andPhyficalDemonftration,that  neither  the  Gates  of  Ignorance,, 
nor  thePower  ofPopifti  Anathemas,  fhallever  prevail  againft  it. 

The  moil  famous  of  the  antiquated  Syftems  are  two,  viz. 
One  taught  by  Ptolemy,  the  Egyptian  Aftronomer,  faidtohave 
lived  138  Years  before  Chrift.  The  other  by  the  noble  Dane% 
Tycho-Brahe ,  born  in  Schonen ,  A.D.  1546. 

"  The  P  tolemean  System  ( Fig.  XL!  V,  on  Plate  IX,  front¬ 
ing/*.  132.)  fuppofed  the  Earth  immoveablv  fixed  in  the  Centre 
of°the  World,  about  which  moved  feven  Planets,  viz.  t\ieMoon, 
Mercury,  Venus,  the  Sun,  Mars,  Jupiter,  and  Saturn  ;  above 
thefe  is  placed  the  Firmasnent  of  the  fixed  Stars,  then  the  two 
Cryftalline  Spheres  ;  all  which  were  included  in,  and  received 
Motion  from,  the  Primum  Mobile,  which  conftantly  revolved 
about  the  Earth  in  24  Hours  from  Eaft:  to  Weft.  But  this 
yiuk  Scheme  was  too  much  accommodated  to  Senfe,  to  ftand  the 
Tell  of  Art ;  the  Mathematicians  foon  perceived  it  a  Medley  of. 
the  grofleft  Errors  and  Abfurdities,  which  they  rejecting  (as  fit 
only  for  the  ignorant,  and  zealous  Bigot)  chofe  other  more  ra¬ 
tional  Methods  to  purfue  the  grand  Difcovery. 

The  Tychonian  System  fucceeded  the  P tolemean,  but  was 
never  fo  univerfak  This  fuppofed  the  Earth  in  the  Centre  of 
the  World,  (fee  Fig.  XLV.  on  Plate  IV,  fronting^.  132.)  or 
Firmament  of  fixed  Stars,  as  alfo  of  the  two  Luminaries,  the 
Moon  and  the  Sun.  But  then  he  fuppofesthe  Sun  the  Centre 
of  the  Planetary  Motions,  viz.  of  Mercury ,  Venus,  Mars,  Jupi¬ 
ter,  and  Saturn  ;  thefe,  with  the  Sun,  all  revolved  about  the 
Earth  in  the  Space  of  a  Year,  to  account  for  the  annual  Motion^ 
and  the  Earth  he  made  to  revolve  about  the  Axis  every  24 
Hours  from  Weft  to  Eaft,  to  folve  the  diurnal  Motion  of  the 
Heavenly  Bodies  from  Eaft  to  Well:.  This  Hypothejis  being 
partly  true,  and  partly  falfe,  and  embarraffed  with,  many  Diffi¬ 
culties  and  Abfurdities,  was  embraced  by  few,,  and  foon  gave 
way  to  the  only  true  and  rational  Solar  Syjlem,  reflored  by 
Copernicus as  aforefaid. 

A.  Pray 
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The  ConJUt.  and  Parts  of  the  Univerfe .  133 

A .  Pray  what  is  the  Form  or  Figure  of  the 

Univerfe  ? 

B.  It  hath  no  determinate  Form  or  Figure 
at  all;  forafmueh  as  it  is  every  Way  infinite 
and  unlimited. 

A.  What  do  you  call  the  mundane  Space  F 

B.  The  infinite  Space ,  in  which  all  Bodies 
of  the  Univerfe  have  their  Place  and  Being. 

A.  Pray  what  do  you  properly  call  Space  ? 

B .  Extenfion  without  Matter ;  or,  in  plain 
Eng/i/Jj,  a  perfect  Void ,  or  Vacuity ;  which  is 
better  conceived  than  defined  *. 

A .  What  is  that  the  Philofophers  call  a 
Vacuum  ? 

B.  A  Vacuum  is  a  perfedl  Void,  or  Space 
abfolutely  devoid  of  all  Body  or  Matter  ;  as, 
on  the  contrary,  they  call  that  a  Plenum,  when 
any  Part  of  Space  is  fo  abfolutely  filled  with 
Matter,  as  to  have  no  Vacuities  therein. 

A .  Is  there  any  fuch  Thing  as  a  Vacuum  in 
Nature  ? 

B .  Yes  ;  only  thofe  who  denied  their 
Reafon,  have  denied  this. 

A .  How  do  you  prove  a  Vacuum  ? 

B .  A  thoufand  Ways  almoft ;  but  Motion 
evinceth  it  moft  plainly  ;  for  cun  any  one  fup» 
pofe  a  Body  to  move  in  the  Midxl  of  Solidity  ? 

*  See  Dr.  Watts’ s  Enquiry  concerning  Space,  Phil.  EfTay  I.  Mr. 
Locke ,  in  his  Human  Under/ andhig ,  confefles  he  does  not  know 
what  it  is,  nor  to  what  Oafs  of  Beings  to  refer  it,  Hu?n  Und* 
Bookll.  Chap.  13.  §  17.  Sir  I.  Newton  confiders  Space  as 
the  Sen/or  ium  of  the  Divine  Mind,  Prin .  Math .  Philo/.  Page528. 
Optics,  2d  Edit.  Page  379.  The  Cartejians  abfurdly  pretend  it 
is  a  Body  or  Subftance.  And  others  deny  that  it  has  any  real 
Exiflence.  See  the  Authors  mentioned  in  Jobnfon’ sQuaft.  P hi¬ 
ke/  p .  169,  170. 

I  3  They 
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They  who  affirm  this,  may  as  rationally  affirm, 
that  a  Bird  may  fly  through  a  Mountain  of  Ada¬ 
mant,  as  eafily  as  through  the  open  Air :  And 
who  fo  blind  as  not  to  fee  the  moil  monftrous 
Abfurdity  thereof  by  this  one  Argument*  ? 

A.  I  think  none  can  deny  it  indeed,  who 
would  be  thought  rational :  But,  pray,  what 
have  you  to  fay  of  Duration  or  time  ? 

B.  Duration  is  the  Idea  we  have  of  the  Con¬ 
tinuance  of  the  Exiftence,  or  Being  of  Things ; 
and  in  order  to  eftimate  and  meafure  the  Parts 
thereof,  we  ule  the  Motions  of  moving  Bodies, 
as  the  Sun,  Stars,  a  Clock,  &c.  and  the  Parts 
of  Duration  thus  compared  and  meafured,  we 
call  Time,  Times,  Seafons,  Ages  -f,  &c. 

C  PI  A  P.  II. 

Of  TJranology,  or  the  DoBrine  of  the  heavenly 
Bodies;  and firft  of  Heliography ,  or  the 
IPhilofophy  of  the  Sun. 

A.  I  ¥  THAT  is  the  Meaning  of  the  Word 

yY  Uranology  ? 

*  It  is  an  old  Maxim,  that  nothing  is  more  difficult  than  to 
prove  the  Truth  of  a  felf*evident  Axiom,  or  that  which  is 
obvious  to  the  common  Senfe  of  all  Mankind.  This  is  fuffi- 
ciently  confirmed  by  the  numerous  Controverlies  on  the  Sub¬ 
jects  of  Space  and  a  Vacuum  ;  for  though  nothing  is  more  evi¬ 
dent  than  the  Nature  of  the  one,  and  the  Certainty  of  the  other, 
yer  nothing  has  more  diftraCted  and  perplexed  the  Minds  of 
Philofophers,  as  maybe  eafily  feen  by  perufing  the  Authors  on 
thefe  Subjects  referred  to  in  Johnfdn  s  Phil.  Queflions,  Page  9, 
f  The  DoCtrine  of  lime  is  the  SubjeCt  of  Chronology ;  an  Ab- 
flraCt  of  which  excellent  Science  the  Reader  may  find  in  my 
Philological  Library  of  Literary  Arts  and  Sciences  « 

B.  It 
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S.Itisof  Gm’/fOriginal,  and  is  compofed  of 
ovgeevoi,  Heaven,  and  a oyo<,  a  Hfourfe ;  there¬ 
fore  it  lignifies  a  Difcourfe  or  Preatife  of  the 

Heavens,ot  heavenly  Regions, andRodics  therein. 

A.  Pray  what  do  you  call  the  Heavens,  or 

heavenly  Regions  ? 

B.  Thofe  Regions,  or  Fields,  of  JEther, 
which  lie  all  around  us  above  the  Atmofphere ; 
in  which  are  iituated  all  the  fhining  Bodies, 
the  Sun,  Planets,  Comets,  and  Stars,  and 
wherein  they  perform  all  their  Motions. 

A.  Where  will  it  be  proper  for  us  to  begin 
our  Converfations  on  thefe  celeftial  Subjects  ? 

B.  We  will  firft  begin  with  Heliography,  if 
you  pleafe. 

A.  I  do  not  underftand  the  proper  Meaning 
of  that  Word,  pleafe  therefore  to  unfold  it. 

B.  By  Heliography  (as  being  compofed  of 
Saws,  the  Sun,  and  ygaqrri,  a  pefeription )  is 
to  be  underftood,  a  philofophical  Defcriptton 
of  the  Sun. 

A.  Well,  it  feems  very  congruous  to  begin 
with  what  you  make  the  Centre  of  our  Syf- 
tem  as  you  call  it  j  and  pray  what  do  you  firft 
obferve  of  the  Sun 

B.  The  Sun  is  a  huge  Body  of  Light,  or 
Fire,  whence  all  the  other  Planets  receive  their 
Light;  and  by  whofe  Emanations  of  Rays, 
and  Beams  of  Light,  the  whole  Syftem  of  Be¬ 
ings  about  us  is  illuminated  and  made  viftble. 

A.  Can  you  tell  any  Thing  of  the  Sun’s  Bulk? 

B.  Yes:  The  Diameter  of  the  Sun  is  com¬ 
puted  at  822148  Englijh  Miles;  and  its  Bulk, 
or  folid  Content,  at  290971000000000000 

I  4  Miles; 
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Miles;  which  is  about  1000000, or  a  Million  of 
Times  greater  than  the  Globe  of  our  Earth 

A,  Stupendous  Magnitude  !  And  what,  do 
you  fuppofe  it  to  be  all  Fire  ? 

B.  Yes  1  and  therefore  forne  have  thought 
it  to  be  the  Place  of  Hell  •f- :  However,  its 
Quantity  of  Matter  is  well  known;  and  the 
Beniity  thereof  is  very  confiderable. 

*  1.  To  compute  the  Diameter  of  the  Sun,  his  Difiance  from 
the  Earth  muft  firfl  be  known,  which  fuppofing  his  horizontal 
Parallax  10  Seconds,  I  have  found  to  be  82s  36014  Miles,  in 
ray  Young  Trigonometer's  Guide ,  Vol.  I.  Part  2.  Chap.  3.  §  14* 

2.  Suppofe  then  you  have  a  double  convex  Lens,  as  L,  (Fig. 
XLVI,  on  Plate  IX,  fronting  p .  132)  whofe  Focus  of  parallel 
Rays  is  at  CD,  1  2  Feet,  or  144  Inches  diilant  from  itfelf ;  let 
this  Lens  be  fixed  in  the  Win dow-fh utter  of  a  darkened  Cham¬ 
ber  to  receive  the  Sunk  Rays  AL,  BL,  which  coming  from  the 
extreme  Parts  of  the  Sunk  Body,  and  interfedling  each  other 
In  the  Centre  of  the  Lens,  will  determine  the  Diameter  of  the 
Sun’s  Image  at  CD,  which,  when  you  have  nicely  meafured, 
y  t  il  find  to  be  ipo%  of  an  Inch.  The  Half  of  which  is 
C>~ -/h7o  of  an  Inch.  Then  fay. 

As  the  focal  Diflance  CL  zz  144  rz  2. 1 58362 

Is  to the  Diameter  of  the  Image  Ce  zz  0.67  ~  9.826074 

So  is  Radius  — — -/-  go°o/  z 2  10.000000 

To  the  Line  of  the  Angle  CL^  rr  o°  1 6'zz  y.bbyyiz 
Therefore  the  whole  Angle  CLD  or  ALB  is  32  Minutes,  and 
this  is  called  his  Apparent  Diameter ,  becaufe  its  Diameter  ap¬ 
pears  under  fuch  an  Angle  to  the  Eye. 

3.  Now  fine e  the  Diameter  of  any  QhjeSl  and  its  Image  are 
proportional  to  their  Diflances  from  the  Lens,  the  Diameter  of 
the  Sun  will  eafily  be  had  by  the  following  Analogy. 

As  the  Diflance  of  the  Image  CL  zz  144  22:2.158362 

To  its  Diameter  — —  CD  22:  1.34  22:0.127105 

So  is  the  Diftance  of  the  Sun  LA  rz  82136014  ZZ7. 914533 

To  his  Diameter  — — —  AB  2=  764320  ZZ5V883276 

4.  Thus  his  Diameter  is  found  to  be  /even  Hundred  Jixty  four 
Thoufand  three  Hundred  and  twenty  Englijh  Miles ;  which  is  lefs, 
but  perhaps  truer,1  than  the  above  affigned-— ~Fen  fhoufand 
Males  h  a  trifling  Diilance,  and  not  to  be  regarded  intheMea*' 
furement  of  fuch  immenfe  Diflances. 

f  See  S winders  Book  on  the  Nature  and  Place  of  Hell, 

A.  The 
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A,  The  Quantity  of  Matter  ;  pray,  in  what 
Proportion  is  that  to  the  fame  in  other  Planets'? 

B.  The  Quantity  of  Matter  in  the  Sun  is  to 
that  in  Saturn,  as  100000  to  33;  to  that  in 
Jupiter y  as  100000  to  92 ;  to  that  in  our 
Earth,  as  ioooooooto  59. 

A.  In  what  Proportion  is  the  Weight  of 
Bodies  on  the  Sun  s  Surface  ? 

B.  The  Weight  of  equal  Bodies  on  the  Sur¬ 
face  of  the  Sun  is  to  their  Weight  on  the  Sur¬ 
face  of  Saturn ,  as  10000  to  529;  to  their 
Weight  on  Jupiter ,  as  10000  to  943  ;  and  to 
their  'Weight  on  the  Surface  of  our  Earthy  as 
10000  to  435. 

A.  What  is  the  comparative  Denfity  of  the 
Sun  ? 

B .  The  Denfity  of  the  Sun  is  to  the  Denfity 
of  Saturn*  as  100  to  67  ;  to  the  Denfity  of 
Jupiter y  as  100  to  944-;  and  to  the  Denfity  of 
our  Earthy  as  100  to  400,  or  as  1  to  4  $  and 
therefore  the  Fire  of  the  Sun  mud  be  prodi¬ 
gious  intenfe,  yea,  almoft  folid,  as  being  one 
Quarter  of  the  Denfity  of  our  Earth 

A.  Why,  then  the  Light  and  Heat  mud  be 
inconceivably  great  near  the  Sun  s  Surface  ? 

B .  Yes,  great  indeed :  Sir  IJaac  Newton  faith, 
the  Sun’s  Light  and  Pleat,  at  the  Diftance  of 
Mercury ,  is  leven  Times  as  great  as  the  greateft 
with  us ;  and  therefore  our  Water  there  would 

*  Thefe  Proportions  of  the  Matter,  Weights  of  Bodies,  and 
Denjities  in  the  Sun,  Saturn ,  Jupiter ,  and  the  Earth,  are  taken, 
from  Sir  I.  Newton's  Principia,  Pag,  405.  Where  the  Diame¬ 
ters  of  thefe  Bodies  are  determined  to  be  in  the  Proportion  of 
1000c,  791,  997,  and  109, 
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be  forever  boiling»hot,  till  it  was  all  evapo¬ 
rated,  and  boiled  away  *. 

A .  Is  the  Sun’s  Body  one  pure  unmixed 
Subftance  of  Fire  ? 

B .  That  none  can  certainly  tell;  there  hath 
feeoied  Reafon  to  doubt  it,  fince  the  Difcovery 
of  the  Macule e  Solar es ,  or  Solar  Spots . 

A  Pray,  Sir,  what  are  they  ? 

B.  The  Aftronomers  of  late,  by  proper 
Glaffes,  have  difeovered  many  black  Spots  in 
the  apparent  Face  of  the  Sun ;  feme  fuppofe 
they  are  a  heterogeneous  Mixture  of  opake 
Matter  in  the  Body  of  the  Sun,  which  there¬ 
fore  in  thofe  Parts  will  always  appear  dark  or 
black.  Some  of  thofe  Spots  feem  to  be  ge¬ 
nerated  in  the  very  Middle  of  the  Sun  s  Difk ; 
and  others  feem  to  be  diiTolved  and  vanifh 
there;  fometimes  feveral  fmall  ones  gather 
together,  and  make  a  large  Spot ;  and  fome¬ 
times  a  large  Spot  is  obferved  to  be  divided, 
and  cut  into  many  leffer  ones.  Some  Philo- 
fophers  have  thought  they  were  fmall  Planets 
circulating  round  the  Sun  s  Body  very  near  it ; 
and  others  have  other  Conjectures  about  them. 
They  were  fir  ft  difeovered  by  Galileo ,  the 
Italian  Philofopher,  in  the  Year  idiO'f*. 

A,  Do 

'*  Since  the  Intenfitv  of  Light  and  Heat  are  as  the  Squares  of 
the  Diftances  reciprocally, and  lince  the  Proportion  of  the  Dif- 
tances  of  all  the  Planets  from  the  Sun  is  known,  the  Proportion 
of  Light  and  Heat  at  each  is  alfo  eafiiy  known,  as  is  expreifed 
In  the  following  Synopjis . 

f  1.  That  they  who  have  nothad  an  Opportunity  of  viewing 
the  Spots  in  the  Sun,  with  a  Telefcope  or  otherwife,  may  have 
fome  proper  Idea  of  them,  I  have  carefully  delineated  fuch  as 
appeared  in  the  Sun’s  Face  on  Aug.  the  25th,  1737,  at  Seven 
in  the  Morning,  (in  i'Vg-.XLVII,  on  Plate IX,  fronting^).  213.) 

where 
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A.  Do  thefe  Spots  appear  fixed,  or  in  Mo¬ 
tion,  on  the  Sun’s  Body  ? 

B,  They 

where  the  whole  circular  Area  reprefents  the  Suns  Face;  on 
which  you  fee  the  Spots  in  their  proper  Magnitudes,  and  Si¬ 
tuations,  as  they  then  had. 

2.  The  Number  of  thefe  Spots  is  always  uncertain  and 
variable  ;  it  is  faid  when  Galileo ,  Schinerus,  He-velius ,  &c.  firil 
obferved  them,  that  the  Sun  would  frequently  wear  one  or  more 
of  thefe  Spots :  But  now  (fays  Mr.  Molyneux ,  who  wrote  about 
40  or  50  Years  ago)  he  feldom.  wears  any  of  thofe  Patches ,  as  if 
they  were  grown  out  of  Fafhion,  onei n five  oxfe*ven  Years  hard¬ 
ly  appearing.  Yet,  about  the  Year  1700,  it  was  not  uncom¬ 
mon  to  obferve  10,  16,  or  20,  and  fometimes  more  Spots  on 
the  Sun’s  Difk.  And  now  as  the  Sun  is  fcarce  ever  to  be  ob¬ 
ferved  without  fome,  fo  they  are  generally  very  numerous,  it 
not  being  difficult  to  enumerate  20,  30,  or  40  Spots  pretty 
diflin£tly  on  the  Sun’s  Face,  befides  many  others  which  appear 
dufky  andobfcure. 

3.  As  to  their  Magnitude ,  that  likewife  is  very  variable,  fome 
being  fcarcely  vifible,  and  others  are  fo  large  even  at  his  Limb, 
as  to  take  up  an  100th  Part  of  his  Diameter,  and  more;  and 
which  therefore  will  be  found  by  Calculation  to  contain  a  far 
greater  Number  of  fquare  Miles  than  the  whole  Superficies  of 
our  terraqueous  Globe. 

4.  The  Motion  of  thefe  Spots  is  very  irregular,  fo  far  as  I 
could  ever  yet  obferve ;  I  could  never  find  that  the  fame  Spots 
in  the  fame  Figure,  Number,  and  Order,  ever  returned  in  any 
regular  periodical  Manner;  and  therefore  what  is  here  faid  con¬ 
cerning  the  Motion  of  the  Sun,  is  wholly  on  Credit  from  others. 

5.  The  Mutability  of  the  Form  or  Shape  of  thefe  Spots  is  very 
confiderable,  as  is  alfo  the  Variety  thereof ;  being  fometimes 
long,  broad,  oval,  feldom  round,  often  angular,  and  pointed 
in  feveral  Parts,  and  will  often  vary  their  Shape  while  you  are 
obferving  them. 

6. Sometimes  thofe  Spots  decay,  and  become  fhady,  nebulous, 
and  of  amifly  Appearance,  and, are  at  laft  invifible  before  they 
go  off  the  Difk.  And  thofe  Spots  and  Nebula?  or  Mills  do  fome¬ 
times  fuddenly  arife,  andas  fuddenly  decay  and  become  extinfl. 

7.  Spots  which  continue  long  on  the  Difk  of  the  Sun,  are 
faid  often  to  turn  to  Fecults,  or  exceeding  bright  a7id  flaming 
Partsf  which  do  not  continue  long  on  the  Sun’s  Face,  before 
they  are  extinguifhed  or  difappear.  But  thefe  Fecula,  or 
flaming  Spots,  are  very  rare  of  late,  flnce  I  have  never  had 
the  deferable  Sight  of  one  of  them. 

8.  The  fagacious  Mr.  Derha?n  very  rationally  fuppofes,  that 
—  Fhe  Spots  in  the  Sun  are  caufled  by  the  Eruption  oflV ulcano> s  there¬ 
in ,  the  prodigious  Quantity  of  Smoke ,  and  other  opacous  Matter , 
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B.  They  all  appear  to  move  from  the  EaJ- 
tern  to  the  Wejltrn  Limb  of  the  Son,  in  about 
12  or  13  Days. 

A.  Pray  what  do  you  infer  from  thence  ? 

B.  Why,  was  it  certainly  known  (as  it  is  the 
general  Opinion)  that  thofe  Spots  were  really  in 
the  Sun  s  Body;  then5from  their  apparent  Mo¬ 
tion,  we  could  be  allured  of  the  Sun  s  real  Mo¬ 
tion  about  its  own  Axis,  in  fomewhat  above  25 
Days  and  6  Hours:  But  if  thefe  Spots  are  only 
feme  diftindt  Bodies  aduaily  moving  round  the 
Sun ,  then  we  have  no  certain  Knowledge  that 
the  Sun  hath  any  real  and  proper  Motion  at  all. 

A .  How,  Sir,  do  you  fay  no  Motion  at 
all ;  pray  do  we  not  fee  him  move  every  Day 
from  Baft  to  i Weft  ? 

B.  He  feemeth,  indeed,  to  us  fo  to  move  > 
but  that  is  one  of  the  Fallacies  of  Sight,  and 
indeed  the  greateft. 

A.  What !  Sir ,  will  you  pretend  to  fay  he 

doth  not  move  ? 

making  the  dark  Spots,  which  gradually  decaying  and  /pending  it- 
Jelf,  makes  the  Spots  degenerate  to  Umbra  and  Nebula  ;  that  is, 
to  Shadows  and  Mijls ;  laftly ,  the  fuliginous  Matter  being  quite 
dijjipated,  and  J pent ,  the  horrid  Flames  of  the  V ulcano  appear , 
and  make  the  Fecula  before  deferibed . 

9.  In  obferving  the  Spots,  &c.  of  the  Sun,  the  bed  Way  is 
to  ufe  a  Telefcope  of  about  6,  8,  or  io  Feet  Length,  with  a 
fmoked  Glafs  placed  before  the  Eye-Glafs  next  the  Eye  ;  if 
in  this  Cafe  the  Telefcope  be,  and  a  Micrometer  fitted  thereto, 
the  Spots  may  withEafebe  meafured,  and  their  Appearances 
obferved  from  Day  tc  Day.  Alfo  the  Sun’s  Image  may  be  re¬ 
ceived  into  a  dark  Chamber  (through  a  Telefcope  with  an 
Objeft -  Glafs  and  one  Eye -Glafs  only)  on  a  Piece  of  white  Pa¬ 
per,  which  may  be  magnified  or  diminifhed  as  Occafion  re¬ 
quires  ;  this  is  an  eafy  and  innocent  Way,  and  that  which  I 
generally  ufe. 

See  much  more  concerning  this  curious  Subjed  in  the  Phil. 
TrdnfaSions ,  NQ  288,  294,  330  ;  or  the  fame  abridged  by  Mr. 
Jones ,  Vol.  IV.  Page  228  to  245.  As  alfo  in  Harris's  Lexicon , 
under  the  Word  Macula. 
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B.  Yes,  Sir ,  there  is  no  Reafon  to  think 
he  doth  move ;  and  there  are  phyfical  Demon- 
itrations  that  he  doth  not  move. 

A .  Pray  what  are  they  ? 

f>.  One  of  them  is  this :  That fmce  the  Sun, 
the  Earth,  and  all  the  Planets  gravitate  mutu¬ 
ally  towards  each  other ,  they  mujl  all  have  one 
common  Centre  of  Gravity ,  about  which  they 
mujl  all  move ;  but.  Sir  Ifaac  Newton  hath Jhewn 
and  demonftrated,  that  this  Point ,  or  Centre  of 
Gravity, is  not  quite  aDiameter  of  'the  Sun  diftant 
from  the  Sun’s  Centre ;  therefore  the  Earth,  and 
all  the  Planets,  move  round  a  Point  not  half 
the  Diameter  of  the  Sun  diftant  from  the  Sian’j 
Surface ,  and  this  is  the  fame  Thing  to  us,  as 
if  the  Earth,  &c.  moved  about  the  Sun  itfelf *. 

A .  Well,  I  cannot  confute  Sir  Ifaac ,  it  is 
true  3  but  I  can  choofe  whether  I  will  believe 
him  :  Should  not  I  fooner  believe  the  Word  of 
God ,  and  my  own  Senfes? 

B.  No  :  A  Demonftration  at  once  com¬ 
mands  Affent,  notwithstanding  the  literal 
Meaning  of  Scripture,  and  the  Evidence  of  all 
our  Senfes  to  the  contrary.  No  one  needs  be 
convinced  of  the  Fallacy  of  Sight,  who  hath 
ever  been  in  a  Ship  under  Sail ;  nor  was  the 
Scripture  intended  for  a  Syftem  of  Phyftology\. 

C  H  A  P. 


*  Principia  Math.  Philof.  Lib.  Ill,  Prop.  12.  &  Corol.  The 
other  Phyfical  Demonftration  of  the  Earth’s  Motion  about  the 
Sun,  fee  in  KeilC s  Af  ronom.  Leftures ,  Page  34,  33  ;  or  in  the 
Philolog.  Library  of  Literary  Arts  and  Sciences,  Page  300. 

f  I  am  forry  any  one  fhould  take  from  hence  an  Occafion  to 
fay  that  I  fpake  irreverently  or  ludicroufly  of  the  /acred  Scrip* 
tures  ;  I  think  it  would  be  very  dilhonourable  and  ridiculous  to 
urge  them  in  any  Senfe  againft  a  known  and  demonfratedTruthM 

any 
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CHAP.  IIL 

Selenography,  or  the  Philosophy  of  the 

Moon. 

1|ITHAT  is  the  Etymology  of  the 
yY  Word  Selenography  ? 

B.  It  is  compounded  of  aearivy,  the  Moon, 
and  ypcup} 1,  a  Defcription  ;  wherefore  it  means 
a phyjiologkal  Defcription  oj  the  Moon. 

A,  You  fpeak  of  the  Moon  in  the  fmgular, 
as  if  there  was  but  one ;  whereas  juft  now 
you  numbered  our  Moon  with  leveral  others. 

B.  Yes,  there  are  feveral  other  Moons ,  as 
Jupiter  hath  four  Moons,  and  Saturn  hath  five 
Moons y  but  becaufe  we  know  little  more  of 
them  than  their  Number,  Motions,  and  Dis¬ 
tance  from  their  primary  Planets ,  we  fhall 
omit  them  here,  and  fpeak  of  them  together 
with  their  Primaries  by  and  by. 

A.  Well,  fince  the  Moon  is  favoured  with 
the  Prehem inence  to  be  confidered  alone ; 
pray  what  do  you  firft  obferve  in  her  ? 

any  Kind.  I  efteem  the  Bible  not  only  a  juft  Hiftory  of  FaOs, 
but  a  divine  Revelation,  and  thebeft  Syftem  of  natural  Reli¬ 
gion  in  being  ;  but  I  am  fo  far  from  thinking  that  we  are  to 
be  directed  in  our  Sentiments  of  natural  Science,  efpecially 
Philojophy  and  Agronomy,  by  the  Scriptures,  that  I  am  apt  to 
believe  thofe  Sciences,  as  they  are  now  and  truly  underftood, 
were  entirely  unknown  to  the  Writers  of  thofe  Books. 

But  if  any  one  gives  himfelf  the  Trouble,  he  may  fee  the 
Arguments  Yor  the  Sun’s  Motion  fairly  ftated,  and  fully  con¬ 
futed,  in  Varenius' s  Geog.  General.  Par.  1.  Lib.  I.  Cap.  5* 
Atlas  Geog.  Introduction,  §  12.  Joan.  Chrici  Phyfica,  Lib.  L 
Cap.  2.  &  3.  Galilat  Syfiem.  Cofmic.  Pag.  354,  356,^457,  492, 
644'.  Ebijlola  Paul  Anton,  Fofcarini ,  wholly  on  the  Subject. 

B.  It 
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B.  It  is  found  that  the  Body  of  the  Moon  is 
a  large,  dark,  opake,  fpherical  Body,  alike  to 
our  Earth  in  Matter  and  Form. 

A,  What  Proportion  doth  t\\$Moon  bear  tothe 
Earth  in  its  Magnitude  and  Denjity  of  Matter  ? 

B,  1  he  Bulk  of  the  Mogu  is  to  that  of  the 
Barth,  as  586333°°°  *°  258445900000,  or 
as  5  to  258;  that  is,  the  Earth  is  about  5 0 
Times  (at  leaf!)  bigger  than  the  Moon ;  the 
Den  fit  y  of  the  Moon  is  to  the  Denfity  of  the 
Earth,  as  4891  to  4000,  or  as  n  to  9  j  the 
Quantity  of  Matter  in  the  Moon  is  to  that  of 
the  Earth,  as  1  to  40,  or  as  ioco  to  ^9788, 
more  nearly  ;  and  the  Weight  of  Bodies  on 
the  Maori s  Surface,  is  to  their  Weight  on  the 
Earth's  Surface,  as  34  to  100 

A,  Can  you  tell  the  particular  Dimenfions 
of  the  Moons  Body  in  Englifh  Meafure  ? 

B.  Yes ;  the  Diameter  of  the  Moon  152175 
Englifh  Miles,  her  Circumference  therefore 
rnuft  be  6829  Miles  ;  whence  the  Superficies 
°f.  the  Moon  will  contain  1415440  fquare 
Miles,  and  her  folid  Content  will  be 
5386333000  cubick  Miles,  as  before. 

A •  On  what  do  thefe  Meafures  depend  ? 

B.  On  the  Diftance  of  the  Moon  from  the 
Earth  ;  which  fome  Aftronomers  make  59, 
fome  60,  fome  61,  Semi-diameters  of  the 
Earth ,  that  is,  about  238920  Englifh  Miles; 
whence  the  Diameter  of  the  Moons  Orb  will 
be  477840  Miles,  and  Circumference  thereof 
1500418  Miles;  which  therefore  is  the  Jour¬ 
ney  the  Moon  performs  every  Revolution  f. 

A .  Then 

See  A envton.  Princip ,  Philof.  Pag.  46S,  469. 
t  The  Diftance  of  the  Moon  from  the  Earth  is  thus  found. 

(Sec 
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A.  Then  you  do  allow  the  Moon  to  move 
about  the  Earth  every  Day  from  Eaji  to  fVeft9 
though  you  deny  this  to  the  Sun  ? 

(See  Fig>  XLVIIT.  on  Plate  IX,  fronting/.  132.)  Let  ABC  be 
the  Earth,  V  the  Moon  in  the  Zenith,  and  D  the  Moon  in  the 
Horizon  :  BD  is  the  fenfeble  Horizon,  and  CH  the  true  or  ratio¬ 
nal  Horizon ,  Suppofe  the  Moon  in  that  Part  of  her  Orbit  neareft 
the  Earth ;  an  Obferver  at  B  would  fee  the  Moon  in  the  Line 
BD,  but  to  an  Eye  placed  in  the  Centre  of  the  Earth  C,  die 
would  appear  in  the  Line  CD  ;  the  former  is  her  apparent  Place 
known  by  Obfervation  with  exadt  Inftruments ;  the  latter,  her 
true  Place ,  and  is  known  from  the  Theory ,  or  Table  :  The  Dif¬ 
ference  of  thefe  two  Places  is  found  to  be  i°  2'  io7?,  and  is  the 
Meafure  of  the  Angle  BDC,  which  is  called  the  Moon’s  Horz* 
%ontal  Parallax ;  the  Angle  at  B  is  a  Right  one,  and  BC  is  the 
Semi-diameter  of  the  Earth.  Wherefore,  in  the  Triangle  BDC 
we  can  eaiily  find  the  Side  BD,  the  Diftance  of  the  Moon  from 
the  Obferver B,  by  the  following  Analogy: 

As  the  Sine  of  the  Angle  D  z  ioT' “8.257419 

To  the  Side  —  BC  =  1  =  0,000000 

So  is  the  Sine  of  the  Angie  BCD  =  88°57'  50”  —9  999929 
To  the  Side  .  —  DB  =  ,  55.27  =  1.742510 

That  is,  the  Moon  (when  neareft  the  Earth)  is  5  5  fto  Semi  dia¬ 
meters  of  the  Earth  diftant  from  the  Point  B.  But  a  Semi-dia¬ 
meter  of  the  Earth  is  3982  Miles,  which  multiplied  by  55^^, 
gives  220085  t5o  Miles, her  neareft  Diftance  from  the  Obferver 
at  B.  In  the  fame  Manner  you  find  the  Side  CDX1220344  /W 
M  iles,  her  neareft  Diftance  from  the  Centre  of  the  Earth.  But 
her  mean  and  greateft  Diftance  isvarioufly  determined,  as  above 
hinted. 

Again,  to  find  the  Diameter  of  the  Moon  in  Miles,  let  P  be 
the  Moon,  and  O  her  Centre,  join  CC)  and  PC  ;  then  is  the 
Angle  OCP  equal  to  the  apparent  Semi- diameter  of  the  Moon 
at  the  Centre  of  the  Earth,  which,  for  the  abovementioned  Ho¬ 
rizontal  Parallax ,  is  1  6' 52*'  (fee  Note  *  in  Page  136)  and  CO 
is  equal  to  CP  =  2  20344To8o5  and  the  Angle  at  O  is  a.  Right 
one,  whence  the  Side  PO  is  thus  found  : 

As  the  Sine  of  the  Angle  CPO  =  89°  43  ?  8 !7  =29.999995 
To  the  Side  — •  CO  =  220344-^=5.342611 

So  is  the  Sine  of  the  Angle  OCP  =  16’  =7.690663 

To  the  Side  — -  OP  =  1079-^  =3.033269 

Which  is  the  Number  of  Milesin  the  Semidiameterof  the  Moon, 
the  Double  whereof,  *viz.  2 159^%  is  the  Number  of  Miles  in  the 
Moon’s  true  Diameter.' This  indeed  is  16  Miles  lefs  than  that 
affignedin  the  Text,  but  the  Difference  is  too  fmall  to  be  re¬ 
garded.  .< 

B.  The 
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B.  The  Moon  doth,  indeed,  move  about  the 
Earth,  and  that  in  about  2y  Days,  y  Hours, 
and  43  Minutes,  at  a  mean  Rate:  But  this 
Motion  is  not  from  Baft  to  Weft ,  but,  on  the 
contrary,  from  Weft  to  Baft ,  every  Day  about 
13  Degrees  and  10  Minutes. 

A.  How  comes  it  then  to  appear  to  do  thus  ? 

B.  By  reafon  of  the  daily  Motion  of  the 
Earth  about  its  own  Axis  from  Weft  to  Baft 
once  in  24  Hours  ;  which  maketh  the  Sun, 
Moon ,  and  all  the  heavenly  Bodies ,  appear  to 
move  the  contrary  Way  from  Baft  to  Weft  in 
the  fame  Time. 

A.  Pray  why  do  we  fee  the  Moon  rife  and  fet 
above  an  Hour  later  every  Day  than  another? 

B .  I  (hall  make  this  eafy  to  conceive.  Thus, 
fuppofe  T  be  the  Globe  of  the  Earth,  WSEN 
the  Orb  ofth cMoon;  let  ADreprefent  the  Ho¬ 
rizon,  in  which  let  the  Moon  2>  be,  on  any  Day 
at  her  rifing  andfetting,  inEand  W  :  Now,  be- 
caufe  the  Moon  moves  every  day  about  if  id 
from  Weft  to  Baft ,  let  thatDiftance  be  repre- 
fented  in  the  Moons  Orb  by  WF  and  EH  ; 
therefore  at  the  fame  Time,  on  the  following 
Day,  the  Moon  will  be  under  the  Horizon  at  H 
at  her  rifing,  and  above  the  Horizon  at  F,  at 
her  fetting  the  Day  before;  where  the  Surface 
of  the  Earth  mud  turn  from  A  to  B,  and  from 
D  to  C,  before  the  Moon. will  be  again  in  the 
Horizon  at  rifing  or  fetting ;  which  Motion  from 
A  to  B,  or  from  D  to  C,  takes  up  about  an 
Hour’s  Time,  more  or  lefs,  every  Day.  See 
Fig.  XXL  on  Plate  XIII,  fronting^.  1  53 

^  A.  Sir, 

*  In  an  oblique  Sphere,  all  great  Circles  interfering  the 
&%uinofl,al  will,  in  the  Revolution  <  f  the  Sphere,  iiuerfeS  the 

£  Horizon 
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A  Sir ,  I  thank  you;  I  perfectly  underfland 
you,  and  the  Meaning  of  this  Phenomenon  ; 
Pray  hath  the  Moon  any  other  Motion  ? 

B *  Yes:  She  revolves  about  her  own  Axis 
juft  in  the  fame  Time  £he  performs  one  Revo¬ 
lution  about  the  Earth ,  viz.  in  27  Days,  7 
Hours,  43  Minutes 

A.  How  are  you  fure  of  that  ? 

B .  Becaufe  at  the  fame  Times  we  always  fee 
the  fame  Face  or  Side  of  the  Moon ;  hut  this 
could  not  happen,  unlefs  a  jfroper  Motion  about 
her  Axis  turned  every  Day  juft  fo  much  of  the 
Moons  Body  to  the  Earth  as  her  periodical 
Motions  turn  from  it. 

Horizon  with  different  Angles  at  every  different  Part  thereof. 
Thus  with  refpedt  to  the  Ecliptic,  when  the  Beginning  of  Libra 
is  orient,  or  riling  in  the  Eaft,  it  then  makes  the  greateff  Angle 
with  the  Horizon;  when  Capricorn  is  orient,  the  Angle  is 
mean,  and  when  Aries  is  orient,  the  Angle  is  leak  of  all ;  and 
therefore  when  the  Moon  is  full  in  the  Beginning  of  Libra,  one 
Hay’s  Motion  depreffes  her  fartheft  below  the  Horizon,  and 
lead  when  in  the  Beginning  of  Aries  ;  confequently,  the  Dif¬ 
fer -nee  of  her  riling  each  Day  at  the  ‘vernal  Equinox  will  be 
greated,  and  lead  of  all  in  the  autumnal  Equinox* 

Now  fince  the  Moon’s  Orb  inter  fe£ts  the  Ecliptic  in  an  Angle 
cf  about  five  Degrees,  when  thefe  Points  of  Interfedlion  fh all 
happen  to  be  in  the  Equinoxes,  a  full  Moon  in  the  Beginning 
of  Libra  will  rife  later  the  next  Day  after  by  one  Hour  and 
about  20  Minutes  ;  and  in  the  Beginning  of  Aries,  by  the  Dif¬ 
ference  only  of  about  20  Minutes.  And  if  the  Moon  be  in 
Perigeum  atfuch  Times,  the  Intervals  of  her  riling  will  dill  be 
greater  in  the  former  Cafe,  and  leffer  in  the  latter..  Thus  the 
Autumnal  full  Moon  ri'fes  near  an  Hour  fooner,  the  next  Day, 
than  the  Vernal  one;  whence,  by  Way  of  Didindiion,  it  is  vul¬ 
garly  called  the  Harm  eft  Moon. 

*  The  Revolution  of  the  Moon  through  the  Zodiac  is  called 
a  Lunation,  and  12  of  thefe  Lunations  or  Revolutions  is  a  Lunar 
Tear • ;  and  which  takes  up  the  Space  of  3^4  Days,  8  Hours,  48  3 
38R  The  Difference  between  this  and  the  Jclar  Year,  which 
contains  365  D.  3  H.  48 1  57^,  is  almod  11  Days,  which 
Chronologers  call  the  Epafl,  See  my  Philo  log.  Library,  Page 
338,  350,-  ZAc.  m  m 

And  becaufe  the  Moon’s  Motion  about  her  Axis  us  per¬ 
formed  in  the  fame  Time  as  about  the  Earth,  the  Lunarians  have 
their  Nycthemeron  or  Natural  Day  equal  to  their  Month. 


Of  the  Moon's  P  Safes.  147 

u1!.  Tms  mud  be  a  wonderful  ILirniony 
and  Correfpondence  of  Motions,  indeed  !  But 
what  is  the  Form  of  the  Moons  Orbit  ? 

1  j .  r  he  Moon  s  v>i*Dit  is  elliptical,  but  is 
perpetually  changing,  and  never  continueth 
the  lame  Species,  or  of  the  fame  Figure, 

A.  How  fo  ? 

B.  The  Caufes  of  Inequalities  of  the  Mo¬ 
tions  of  the  Moon,  and  the  Form  of  her  Orbit, 
are  the.  different  Attractions  of  the  Sun  and 
Earth,  the  Eccentricity  of  her  Orb,  and  the 
Obliquity  of  the  Axis  of  her  daily  Motion  *. 

A. .  I  think  you  agree,  the  Moon  receives 
all  the  Light  (he  fhines  with  from  the  Sun  ? 

B.  Yes,  die  does  fo;  and  by  Reflection 
conveys  it  to  us  in  the  Sun’s  Abfencef. 

A.  Pray,  Sir,  give  me  Leave  to  afk  what  is 
the  Reafon  why  fome  Parts  of  the  Moons  Face 
look  dark,  and  others  light  ? 

B.  The  bright  Parts  of  the  Moon’s  Body  are 
the  more  eminent  Parts  of  Land,  which  re¬ 
flect  the  Light  of  the  Sun,  as  Hills,  Moun¬ 
tains,  Promontories,  Iflands,  &c.  and  the 
dark  Parts  of  the  Moon  are  thought  to  be  Seas, 
Lakes,  Rivers,  Fens,  &c.  by  fome ;  and  by 
others,  they  are  faid  to  be  (haded  Vallies, 
Caverns,  Pits,  &c.  But  in  Truth  they  reprefent 
both  Water  and  (haded  Places ;  for  neither  of 
thefe  refledting  Light,  mull  appear  dark,  and 
not  bright. 

*  Concerning  the  Irregularities  of  the  Moon’s  Motion,  and 
hercompleat  Theory,  fee  Newton,  Princip,  Lib.  III.  Gregory's, 

IVbiftoris,  and  Krill's  Aftronomy  ;  alfo  Mr.  Leadbetter's Books 
of  Aftronomy. 

+  The  Sun’s^  Light  by  Refle&ion  from  the  iMoon  is  fo  very 
weak  and  effcete,  that  it  cannot  be  made  to  produce  any  fen- 
iiblc  Heat  by  th?  bcft  of  J^uvnin^-Qlajj^s  yet  made. 

K  2  A.  Then 
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A.  Then  you  fuppofe  the  Moon  to  be  inha» 
bited,  I  find  ?  I  have  heard  there  be  fome  of 
that  Opinion. 

5.  Yes,  undoubtedly  j  to  what  End  elfe 
can  ferve  the  Diftribution  of  Land  and  Water, 
Mountains  and  Vallies,  Caverns,  Pits,  &c.  f 
Befides  an  Atmofphere  of  Air  (and  thereby 
Winds,  Clouds,  Rain,  and  other  Meteors  of 
Confequence)  has  been  lately  difcovered  about 
it :  No  doubt  but  they  ferve  the  Purpofes 
there,  as  here,  to  nourifh  and  fuftain  Men, 
Beafts,  and  Vegetables*. 

A.  Indeed,  if  it  be  fo,  your  Reafoning  and 
Inferences  are  very  juft:  I  wifti  I  could  have 
the  Happinefs  of  viewing  the  Face  of  the 
Moon  through  a  good  Telefcope,  for  my  own 
Satisfaction. 

B,  It  is  a  very  great  Curiofity  indeed}  I  can 
tell,  becaufe  I  have  thus  viewed  it  many 
Times}  I  fhould  be  glad  if  the  Weather 
would  permit  me  now  to  gratify  you  in  this 
Particular}  however,  to  make  amends  for  that, 
I  can  Ihew you  the  Face  of  the  Moon  curioufly 
engraven,  and  juft  as  it  appears  through  fuch 
a  Glafs,  with  the  Names  which  feveral  Sele- 

*  That  the  Moon  is  inhabited,  few  have  doubted  ;  but  it  is 
a  great  Queftion  with  fome  whether  there  be  an  Atmojpkere 
about  her,  and  others  flatly  deny  it.  See  Hugtns* s  Cofmoth, 
Book  IT.  and  Keiir s  Aftron.  Left.  X. 

The  Moon  through  a  good  Telefcope  not  only  appears  per- 
fealy  globular  when  at  full,  but  at  other  Times  to  have  all  the 
Varieties  of  Mountains,  Vales ,  and  Seas ,  as  we  may  fuppofe  a 
Lunarian  can  behold  in  our  Earth. 

They  who  would  fee  the  Manner  of  meafuring  a  Lunar 
Mountain ,  may  confult  Mr.  Der ham's,  Aftro-Theol.  Book  Vj 
Chap.  2.  in  the  Notes,  and  the  Authors  there  referred  to.  As 
alfo  my  Young  Trig.  Guide,  Vol.  I.  Part  II.  Chap.  3.  Seft. 
20.  and  KeiW s  Aftr.  Left.  X.  Page  107. 
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nographijls  have  given  to  the  feveral  light  and 
dark  Parts  thereof.  See  Fig .  XX.  on  Plate 
XI,  fronting  p.  149. 

CHAP.  IV. 

Of  Planetography,  or  the  Philosophy 

of  the  Planets. 

A.  T^RAY  what  is  the  original  Meaning  qf 
jf  the  Word  Planet  ? 

B .  It  is  a  Greek  Word,  and  derived  from  the 
Verb  ' TrhccvaotJLcu ,  to  wander  or  fray  >  whence 
the  Englijh  of  this  Word  is,  a  wandering  Star . 

A.  1  think  I  remember,  you  told  me  there 
were  two  Sorts  of  thofe  Planets ,  or  wandering 
Stars',  the  firft  you  called  primary  Planets ,  the 
other  Secondaries ,  or  Moons ,  or  Satellites  ? 

B.  It  is  true  I  did  :  And  the  primary  Pla¬ 
nets ,  viz.  Mercury ,  Venus ,  the  Earth ,  Mars, 
Jupiter ,  and  Saturn ,  are  principally  here  in¬ 
tended,  as  the  Subject  of  our  prefent  Dif- 
courfe  j  and  the  Secondaries  we  will  only  con- 
fider  amongft  the  Accidents  of  the  Primaries . 

Well,  fince  a  Planet  hath  its  Name 
from  its  Motion,  we  will  firft  begin  with  the 
Motions  of  the  Planets  if  you  pleafe:  And, 
pray,  in  what  Order,  Form,  or  Manner,  do 
the  Planets  move  ? 

B .  I  have  already  faid,  that  the  Sun  is  the 
Centre  of  our  Syftcm ;  about  which  the  Planets 
all  revolve  in  different  Diftances;  1.  Mercury , 
2.  Venus ,  3.  Earth,  4.  Mars,  c;.  Jupiter ,  and 
6.  Saturn ,  asyoufee  them  in  theSolarSyftem; 
the  Form  of  their  Motion  is  elliptical  more  or 
lefs,  and  not  perfectly  circular ;  and  they  all 
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move  round  the  Sun,  in  fuch  Manner,  as  to 
defcrihe ■  equal  Areas  of  Space  in  equal  Fimes . 

A.  Pray,  Sir ,  if  you  can,  iliu (Irate  this 
Matter  by  a  Scheme. 

B,  Sir ,  that  may  be  done  very  eafily* 
Thus,  let  S  be  the  Sun>  ABPCD  the. ellipti¬ 
cal  Orb  of  a  Planet  P ;  then  the  Part  of  the 
Orb  P  is  called  the  Perihelium,  being  the  near- 
.eft  Diftance  from  the  Sun ;  and  the  Part  A  is 
called  the  Ap helium ,  as  being  the  fartheft  Dif¬ 
tance  from  the  Sun  ;  and  SE  is  called  the  Ec¬ 
centricity  of  the  Planet ;  and  as  this  Eccentri¬ 
city  is  lefs  or  greater,  lb  the  Orb  of  the  Planet 
is  lefs  or  more  elliptical.  See  Fig .  XXII.  on 
Plate  XIII,  fronting/*.  155. 

A.  But  you  have  not  yet  (hewed  what  is 
meant  by  a  Placet’s  defeating  equal  Areas  in 
equal  Times, 

B .  This  is  no  more  than  to  fay,  if  the 
Times,  in  which  the  Planet  moves  in  his  Orb 
from  P  to  C,  and  from  C  to  D,  and  from  D 
to  A,  be  equal  to  each  other,  then  the  Areas 
or  Spaces  PSC,  CSD,  and  DSA  (deferibed  in 
thofe  equal  Times,  by  Lines  drawn  from  the 
Planet  to  the  Sun J  will  alfo  be  equal  among 
themfelves,  and  the  contrary  L 

A.  But,  pray,  do  you  a  Align  fuch  very  une¬ 
qual  Portions  of  the  Orbit  to  be  palled  over  in 
equal  Times  ?  Do  not  the  Planets  move  equal 
Diftances  in  -their  Orbs  in  equal  Times  ? 

jB.  No,  very  faf  from  it;  for  the  Velocity 
of  a  Planet’s  Motion  is  'different  in  every  Part 
of  its  Orb,  being  fometimes  greater,  and  fome- 
times  lefs. 

*  By  the  contrary 5,5  meant  only,  that  if  the  Areas  deferibed  be 
ejqualamorigthemlelvesjthe  Timlin  which  they  weredeferibed 
will  alfo  be  equal.  See  JV*w/c»,Princip.Lib.  ill.  Prop.  XIII. 

A.  How 
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A .  How  happens  that  ? 

B.  By  Gravity,  or  the  Sun9 €  Attraction  :  For, 
when  the  Planet  is  in  P,  the  Sun  attraCteth  it 
mod  ftrongly;  and  therefore  the  Motion  there, 
and  thereabouts,  is  greaterthan  any  where  elfe. 
Again,  when  the  Planet  is  in  its  Ap helium  at 
A,  at  its  greateft  Didance  from  the  Sun,  it  is 
then  leaft  affeCted  by  the  Power  of  Gravity, 
and  confequently  the  Motion  there,  and  there¬ 
by,  is  the  lead  or  flowed  of  any  Place  in  the 
Orb.  But,  when  the  Motion  is  fo  unequal, 
the  Arches  PC,  CD,  DA,  mud  needs  be  fo 
too,  though  deferibed  in  equal  Times. 

A .  Sir,  I  conceive  it  mud  be  fo  now ;  I  did 
not  think  of  the  Sun’s  Attraction :  Since  there¬ 
fore  thofe  Areas  are  always  proportional  to  the 
Times,  pray,  what  Proportion  of  Gravity  or 
Attraction  will  produce  this? 

jB.  The  Power  of  Gravity  is  always  recF 
procally  as  the  Squares  of  the  Didances  of  the 
Planet  from  the  Sun  :  Thus,  fuppofe  the  Di¬ 
dances  SP,  SC,  SD,SA,  were  as  the  Numbers 
5,  6,  9,  10,  then  the  Power  of  Attraction  in 
thofe  Didances  would  be  reciprocally  as  their 
Squares,  viz.  100,81,  36,  25;  fo  that  it  would 
be  four  Times  greater  in  the  P erihelium  P, 
than  in  the  Apheiium  A  ;  and  this  is  the  con- 
ftant  Law  of  all  the  Planets  both  primary  and 
fecondary. 

A.  Pray  what  other  AffeCtions  are  obferva- 
ble  of  the  planetary  Motions  ? 

B.  The  Planets,  as  I  told  you,  all  move  about 
the  Sun  in  reality  from  Weft  to  Baft,  and  yet 
they  fometimes  appear  to  move  the  contrary 
Way  from  Eaft  to  Weft,  and  fometimes  not  to 
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move  at  all  for  fome  Time ;  and  thus  they  are 
fa  id  to  be  dire£f,jlaiionary,  or  retrograde . 

A.  I  ihould  be  glad  if  you  could  explain  this 
to  my  Apprehenhon  by  a  clear  andeafy  Scheme. 

B.  That  I  will  endeavour  to  do :  There^ 
fore  let  S  be  the  Sun,  ACE  the  Orb  of  the 
Earth,  and  FGI  a  Part  of  the  Orb  of  any  one 
of  the  fuperior  Planets,  fuppofe  Jupiter',  alfo 
let  QR  reprefent  the  Arch  of  the  harry  Hea¬ 
vens,  wherein  we  fee  and  determine  the  Places 
and  Motions  of  all  the  Planets,  (fee  Fig.  XXIII, 
on  Plate  XIII,  fronting^.  155.)  Now,  fuppofe 
the  angular  Motion  of  the  Earth  be  fo  much 
greater  than  that  of  "Jupiter ,  that  while  the 
Earth  defcribes  the  Arch  EGA,  Jupiter  jfihall 
only  defcribe  the  Arch  HGF  ;  then  it  is  eafy 
to  conceive,  that,  when  the  Earth  is  in  E,  the 
Planet  at  PI  will  be  feen  amongft  the  fixed  ' 
Stars  at  M,  and  io  he  will  alfo,  when  the 
Earth  is  arrived  at  D  ;  therefore  all  the  Time 
the  Earth  is  palling  from  E  to  D,  the  Planet 
will  fern  to  hand  hill  about  M,  and  is  faid  to 
be  Stationary:  Again,  when  the  Earth  is  ar¬ 
rived  to  C,  the  Planet  will  really  be  moved 
forwards  to  G,  but  will  be  feen  from  the 
Earth  at  C,  amongft  the  Stars  at  N;  where¬ 
fore,  while  the  Earth  paffeth  Eajiward  from 
D  to  C,  the  Planet  will  appear  to  move  Wejl- 
ward  from  M  to  N  in  the  Heavens,  which  is 
backward;  alfo,  while  the  Earth  moves  from 
C  to  B,  the  Planet  will  flill  feem  to  move 
backwards  from  N  to  O,  where  it  will  again 
be  Stationary  till  the  Earth  comes  to  A.  Do 
you  underhand  me  ? 

A.  1  believe  I  do:  You  mean,  that  while  the 
Earth  paffeth  from  E  to  D,  and  from  B  to  A, 
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the  Planet  Jupiter  will  appear  not  to  move  in 
the  Points  M  and  O  ;  and  then  he  is  faid  to  be 
Stationary:  Alfo,  while  the  Earth  is  palling 
fiom  D,  by  C  to  B,  and  though  Jupiter  really 
moves  in  his  Orb  from  H  to  F  Eaflward,  yet 
he  will  feem  to  us  to  move  fromM  to  O  Weft- 
ward,  or  backwards ;  and  during  that  Time 
is  laid  to  be  Retrograde :  I  think  this  is  the 
Matter  as  you  intended  I  fhould  underftand  it; 
is  it  not  ? 

B.  Yes,  I  am  glad  to  fee  you  underftand  • 
this  mtncate  Phasnomenon  fo  well  ;  and  in  a 
like  Way  you  may  underftand  the  fame  of  the 
inferior  Planets. 

A.  Pray  what  particular  Affedions  hath 

each  Planet  ? 

B.  Eclipfes  are  peculiar  to  the  Earth,  Jupi¬ 
ter,  and  Saturn,  becaufe  thole  Planets  in  par¬ 
ticular  have  Moons  or  Satellites  moving  round 
them,  which  occafion  thole  Eclipfes ;  alfo  one 
Thing  is  particular  or  peculiar  to  Saturn  alone; 
and  that  is  a  furprifing  Kind  of  a  Ring,  encir¬ 
cling  the  Body  of  this  Planet  at  a  great  Dif- 
tance.  L^cftly,  jupiter  nath  the  Appearance 
of  Belts  girding  his  Body;  and  Jupiter,  Mars , 

and  V onus,  are  found  to  have  dark  Spots  on 
their  Dilks. 

A •  Well,  that  we  may  have  fome  regular 
Account  of  thofe  wonderful  Particulars,  let  me 
know  firft  concerning  the  Nature,  Number, 
and  Diftances  of  the  Mioons  or  Satellites  per* 
taining  to  the  primary  Planets. 

B.  rhe.E<?rrZ>hath one Af<?<Jw,ofwhich alrea¬ 
dy:  Jupiter  hath  four  Moons,  and  Saturn  five 
Moons:  TheTimes  in  which  they  feverally  re¬ 
volve  about  their  Primaries, and  theirDiftancein 

Semi- 
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Semi-diameters  of  the  Bodies  of  Jupiter  and 
Saturn*  are  as  here  follow 
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Thefe  Moons ,  and  their  Affections ,  were  all 
difcovered  by  Means  of  the  Telefcope  3  and, 
before  its  Ufe,  were  unknown  to  the  An¬ 
cients 

They 

*  1.  In  the  Beginning  of  the  Year  1665,  the  famous  Chrift 
Hugens  difcovered  the  biggeft  of  Saturn  s  Satellites  with  a  Te¬ 
lefcope  of  12  Feet,  and  is  the  fourth  from  Saturn.  The  other 
four  Satellites  of  Saturn  were  all  the  Difcovery  of  Mr.  Gajpni , 
the  3d  and  5th  in  the  Year  1671,  1672,  and  1673;  but  the 
3  ft  and  2d  were  not  difcovered  till  the  Year  1684,  by  extraor¬ 
dinary  Glaffes  of  80,  ico,  150,  and  2go  Feet  in  Length. 

2.  All  Jupiter  s  Satellites  were  difcovered  by  Galileo ,  on  Jan. 
7,  1610;  and  from  that  Time  to  this  no  more  than  four  could 
ever  be  feen.  Thefe  Moons  are  eafily  feen  with  a  2,  3,  or  4 
Feet  Glafs,  efpecially  with  fhort  Focus  Eye-Glaftes;  but  to 
make  exaCt  Obfervations  of  their  Motions,  a  Glaisof  10  or  12 
Feet  is  neceffary  ;  but  a  good  Reflecting  Telefcope  of  4  or  6 
Feet  is  fufiicient  for  viewing  or  obferving  the  Satellites  either 
of  Jupiter  or  Saturn. 

3.  M.  Molyneux ,  in  the  Year  1681,  Nov.  2,  at  10  at  Night, 
obfervcd^a  total  D  if  appearance  of  all  Jupiter’s  Satellites,  at  once; 
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A.  They  are  certainly  noble  Difcoveries; 
but  you  fay  they  are  the  Caufe  of  Eclipjes  to 
their  Primaries  ;  how,  I  pray  you  ? 

B.  This,  both  in  the  primary,  and  alfo  in  the 
fecondary  Planets ,  will  be  beft  underflood  by  a 
Scheme,  floe  wing  the  Eclipjes  of  the  Earth  and 
Moon:  For,  in  Fig .  XXIV.  on  Plate  XIII, 
fronting  p.  155,  you  obferve  the  Earth  E, 
in  her  annual  Orb  AB,  moving  about  the  Sun; 
at  the  fame  Time,  you  obferve  the  Moon 

Jupiter  then  appearing  folitary,  as  it  were  deferted  by  his 
Guards;  and  a  bold  Lucian  might  have  pulled  him  from  his 
Throne  without  Refinance,  fays  the  j.ocofe  Author.  But  they 
were  the  ifl,  3d,  and  4th  on  his  Face,  and  the  2d  behind  his 
Body,  in  the  Manner  as  reprefented  in  Fig.  XLIX.  on  Fiats 
XII,  fronting/*.  153.  See  Molyn,  .Diopt.  Page  271,  &c. 

4.  For  the  Satellites  of  Jupiter  or  Saturn  may  be  rendered  in- 
vifible  to  us  four  different  Ways,  (fee  Fig.  L.  on  Plate  XII, 
fronting  /.  153.)  Let  S  be  the  Sun,  E  the  Earth,  I  Jupiter 
in  his  Orbit  GH,  and  a ,  b ,  c,  d ,  his  four  Satellites  about  him. 
Then,  (1.)  A  Satellite  may  be  eclipfed  by  Jupiter's  Shadow  ID. 
(2.)  It  may  be  hid  behind  the  Body  of  Jupiter ,  in  the  Line  IF. 
(3.)  It  may  pafsoverthe  Face  of  Jupiter,  whofe  greater  Light 
will  render  that  of  the  Satellite  infenfible.  (4.)  Laftly,  One 
Satellite  may  pafs  before  and  intercept  the  Light  of  another; 
though  this  is  a  Cafe  that  very  rarely  happens. 

5.  Notwithstanding  the  Satellites  have  all  a  circular  Motion 
about  their  Primary ,  yet  when  they  are  viewed,  they  appear//? 
be,  and  to  movein  a flraight  Line  fituated  Fuji  and  Wejl.  The 
Reafon  whereof  is,  that  fince  the  Planes  of  the  Orbits  of  the 
Satellites  do  nearly  pals  through  the  Eye  of  the  Spectator, 
either  half  of  any  of  their  circular  Orbits,  as  ABC  or  ADC, 
will  be  projected  into  its  Diameter  AC,  and  confequently  its 
Satellite  with  it;  and  thus  the  Satellites,  if  fituated  in  the 
Orbit  in  a,  b,  c,  d,  will  appear  to  a  Spectator  on  the  Earth  at 
T,  in  the  Right  Line  AC  in  the  Points  e,f,  g,  h. 

6.  Alfo,  while  the  Satellite  is  in  the  neareft  Semi-circle 
CB  A,  he  appears  to  move  from  Eaft  to  Weft  in  the  Line  CA  ; 
but  while  he  paffes  the  remote  Semi-circle  ADC,  he  will  then 
appear  to  return  from  the  Weft  to  Eaft  along  the  fame  Line 
AC  ;  fo  that  in  one  Revolution  he  appears  to  move  twice 
through  the  Right  Line  AC. 

7.  From  hence  alfo  it  appears,  that  the  moftdiftant  Satellite 
may  appear  nearer  the  Body  of  Jupiter  than  the  neareft  ;  and 
the  contrary ;  which  is  fo  cafy  to  conceive,  that  I  need  not 
perplex  the  Scheme  for  an  Example. 
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moving  about  the  Earth  in  her  Orb  :  Now 
when  the  Moon  is  in  Conjun&ion  with  the 
Sun,  u  e.  when  the  is  juft  between  the  Earth 
and  Sun,  and  is  what  we  call  the  New  Moon , 
as  at  M  ;  then  it  is  evident  her  Shadow  will 
fall  on  the  Earth  at  E,  and  confequently  will 
hide  feme  Part  of  the  Sun  s  Body  from  thofe 
who  dwell  on  that  Spot  and  this  is  what 
they  call  an  Eclipfe  of  the  Sun ,  but  is  properly 
an  Eclipfe  of  the  Earth  ;  for  you  fee  it  is  the 
Earth  that  is  really  darkened,  and  not  the 
Sun  :  Alfo  it  is  evident,  when  the  Moon  is  in 
the  oppofite  Part  of  her  Orb  at  N,  in  diredOp- 
pofition  to  the  Sun ,  that  then  the  Earth  be¬ 
ing  exadly  between  the  Sun  and  the  Moon, 
will  caft  her  Shadow  on  the  Moon ;  and  the 
Moon  being  thus  overwhelmed  in  the  Shadow 
of  the  Earth ,  will  appear  dark  or  dufky,  and 
is  properly  faid  to  be  then  eclipfed. 

A .  This,  indeed,  is  fo  plain  and  evident,  I 
believe  none  can  look  on  it,  and  not  apprehend 
the  Manner  and  Caufe  of  Eclipfe s .  Pray,  can 
you  tel!  the  Quantity  of  Eclipfes  ? 

Bn  Yes  1  the  dark  Shadow  of  the  Moon  co¬ 
vers  a  Part  of  the  Earth's  Surface  about  180 
Miles  in  Diameter,  and  moveth  at  the  Rate  of 
2 1 04  Miles  an  Hour:  But  the  partial  or  penum- 
hral  Shadow  extends  to  the  Width  of  4900 
Miles  :  And  as  to  Lunar  Eclipfes ,  the  Diameter 
of  the  Earth's  Shadow  at  the  Moon,  is  near  three 
Times  greater  than  the  Diameter  of  the  Moon ; 
and  therefore  the  Moon  in  central  Eclipfes  of 

her 

*The  Nature  of  a  Solar  ’Eclipfe  will  be  further  evident  from 
Fig.  LI.  on  PlateX II,  fronting  Page  153,  where  S  is  the  Sun, 
T  the  Eaith,  and  M  the  Moon.  From  the  Extremities  of  the 
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herDiik,  is  totally  darkened,  or  eclipfed,  for 
fome  Time.  A .  So, 

San  draw  CF  and  CB  on  one  Side,  andDE  and  DA  on  the 
other,  touching  and  including  the  Moon’s  Diameter.  Then  it 
is  manifell,  there  will  be  two  Kinds  of  Shadows  produced  from 
the  Moon;  onedetermined  bytheRaysCB  and  DA,  and  is  pro¬ 
perly  called  the  dark  Shadow,  becaufe  an  Eye  placed  with  that 
cannot  poflibly  fee  any  Part  of  the  Sun’s  Dilk.  The  other  is 
determined  by  the  Rays  CF  andDE,  and  is  called  th  oPenum* 
hra ,  ox  partial  Shadow ,  becaufe  to  an  Eye  placed  therein,  the 
Sun  will  be  in  part  aoifihle ,  and  partly  obfcured ;  and  as  the  dark 
Shadow  is  a  Cong,  whofe  Bale  is  the  Moon,  fo  th o  penumbral 
Shadow  is  alfo  a  Cone  in  a  contrary  Situation,  its  Vertex  being 
above  the  Moon  at  V,  and  its  Bale  at  an  infinite  Diftance  ; 
thouph  the  Part  of  this  Cone  above  the  Moon  be  only  imaginary, 
and  is  equal  the  Cone  of  the  dark  Shadow  below  the  Moon. 

From  a  View  of  the  Figure,  then,  it  mult  be  plain,  that  the 
Inhabitants  of  the  Earth  between  P  and  A  will  be  within  the 
partial  Shadow ,  and  will  perceive  only  a  Part  of  the  Sun  eclipf¬ 
ed,  which  partial Eclip/e  will  be  fo  much  the  greater,  by  how 
much  the  Spectator  is  near  to  A.  At  A  the  Sun  begins  to  be 
wholly  obfcured,  and  all  within  the  Section  of  the  dark  Sha¬ 
dow  AB  will  perceive  a  total  Eclipfe  of  the  Sun,  which  ends  at 
B,  where  it  again  becomes  partial.  And  this  is  the  dark  and 
penumbral  Shadow ,  whofe  Dimenfions  were  above  given.  In 
fome  New  Moons,  the  Latitude  of  the  Moon  from  the  Ecliptic 
isfuch,  that  only  the penutnbral Shadow  can  fall  on  the  Surface 
of  the  Earth, in  which  Cafe  there  will  be  only  a  partial  Eclipje  • 
and  fometimes  the  Latitude  will  be  fo  great,  as  to  give  the 
Earth  Room  to  pafs  by  the  Penumbra  without  touching  it,  and 
then  there  will  be  no  Eclipfe  at  all.  .  , 

The  Manner  of  reprefenting  a  Solar  Eclipfe  in  this  Way,  is 
purely  phyfical,  or  according  to  Nature ;  but  the  more  dftrono- 
mical  Way, is  that  according  to  Fig.  LIE  on  PlateXll,  fronting 
Page  153,  where  the  Moon’s  vifibleWay  AB  is  reprefented  in¬ 
terfering  the  Ecliptic  or  Path  of  the  Earth  (at  the  Time  of 
the  Eclipfe )  in  the  Point  called  the  Node.  The  Circle  HCI 
is  the  Surface  of  the  Earth,  and  D,  F,  and  G  the  Section  of 
the  penumbral  and  dark  Shadow  of  the  Moon,  as  feen  from  the 
Moon  on  the  Earth  in  the  Time  of  the  Eclipfe.  At  D  the 
Shadows  are  juli  entering  on  the  Difk  of  the  Earth,  and  the 
Eclipfe  begins;  the  Middle  whereof  is  at  F,  and  at  G  the 
Shadow  is  got  clear  off  the  Difk,  and  the  Eclipfe  ends. 

In  Fig.  L I II.  on  Plate  XII,  fronting  Page  153,  the  Latitude 
of  the  Moon  KL  is  fuch,  that  the  Shadow  only  touches  the 
Difk,  but  does  not  enter  or  obfcure  any  Part  thereof.  In  this 
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A .  So,  I  fuppofe,  Eclipfes  happen  to  Saturn 
and  Jupiter,  on  Account  of  their  Moons  1  and 
likewife  to  the  Moons  themfelves,  as  well  as  to 
our  Moon  ? 

B.  Yes ;  but  the  Eclipfes  of  thofe  Planets 
are  much  more  frequent  than  of  our  Earth , 
the  Number  of  Moons ,  and  their  quick  Circu¬ 
lations,  neceffarilv  making  them  fo:  alio  the 
Eclipfes  of  thofe  Moons  or  Satellites  are  very 
frequent,  one  or  the  other  being  continually 
palling  thro’  the  Shadow  of  their  Primary. 

A .  Well,  leaving  the  Moon  and  their  Eclip¬ 
fes,  pray  let  me  hear  a  Word  or  two  about  the 

wonderful  Ring  of  Saturn ,  that  you  mention¬ 
ed  juft  now. 

B.  This  moft  furprifing  Phenomenon  of  all 
the  viftble  World,  was  firft  difcovered  about 
100  Years  fince:  It  is  of  a  prodigious  Size, 
great  Breadth,  and  vaft  Compafs ;  it  is  faid  the 
Diftance  of  the  inner  Border  of  the  Ring,  from 
the  Body  of  Saturn ,  is  equal  to  the  Breadth  of 
the  Ring  itfelf,  each  being  computed  to  be  at 
leaft  21000  Miles ;  though  others  make  the 
Interval  between  the  Ring  and  Saturn  s  Body  to 

Cafe,  the  Diftance  is  the  Limit  of  the  Eclipfe,  becaufe 
the  Earth  within  that  Limit  will  receive  the  Shadow  in  Part 
or  Whole,  and  beyond  it  it  will  not.  Now  the  Angle  AAC 
is  variable,  and  when  leaft,  the  Ecliptic  Limit  is  great- 
eft;  and  when  that  Angle  is  greateft,  the  faid  Limit  is&Ieaft. 
The  Limit,  when  leaft,  is  140  6 1  36  ",  and  when  greateft,  1 6° 

183* 

After  a  like  Manner  you  confider  an  Eclipfe  of  the  Moon, 
who {q  Ecliptic al  Limits  or  Boundaries  are,  the  greateft  i2Q 
24”,  and  the  leaft  9Q  31 7  2f\ 

See  more  concerning  thefe  Affairs  in  Mr.  Whifton' s  and  Keillh 

Aftron.  Le&ures,  and  my  Young  Trigon*  Guide,  Vol.  L  Part 
II.  Chap.  3. 

-  1 
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be  210265,  and  the  Breadth  of  the  Ring  to  be 
29200  Miles;  its  Thicknefs  is  unknown,  as 
being  too  little  for  Obfervation ;  it  hath  a  Va¬ 
riety  of  Afpeftsj  fometimes  appearing  a  large 
Ellipfisy  then  a  frnaller;  fometimes  only  as  a 
ftraight  Line,  and  fometimes  not  vifible  at  all: 
Thefe  are  the  mod  remarkable  Particulars  of 
this  Prodigy  of  Nature  known  by  us;  as  to 
the  Matter  of  which  it  doth  confift,  that  is 
not  known  by  any.  I  have  given  you  a  Re- 
prefentation  thereof  in  Fig*  XXV.  on  Plate 
XV,  fronting  p.  187  * 

A.  This  is  aftonifhing,  and  full  of  Wondei? 
and  Amazement  indeed!  But  did  not  you  fay 
fomewhat  of  a  like  Nature  pertained  alfo  to 
Jupiter  ?  pray  what  are  thofe  Belts  of  his  you 
mentioned  but  now  ? 

B .  Thofe  Belt- like  Appearances  of  Jupiter 
are  fuppofed  to  adhere  to,  or  be  in  the  Surface 
of  his  Body,  and  not  at  a  Diftance  from  it,  as 
the  Ring  of  Saturn  is  from  him;  they  are  four 
or  five  in  Number,  and  appear  as  reprefented 
on  Jupiter's  Body  in  Fig .  XXV .  on  Plate  XV, 
fronting  p.  18 7, 

A.  And,  pray,  what  are  thofe  Belts  fup¬ 
pofed  to  be  ? 

B.  Some  have  imagined  they  are  long  Canals 
of  fome  fluid  Matter,  or  Water;  and,  becaufe 
they  have  alfo  obferved  feveral  dark  Spots  on 
the  Difk  of  Jupiter,  they  conclude  his  Surface 

*  The  celebrated  Galileo  was  the  firfc  who  difcovered  any 
thing  extraordinary  in  the  Phafis  of  Saturn,  An.  Dom .  1610, 
October.  But  Mr.  Hugens  firfl  difcovered  it  to  be  a  Ringencom- 
palling-  his  Body  at  a  Diftance,  and  publifhedit  to  the  World, 
An.  1659,  in  his  Book  called  the  Saturnian  Syjlem.  See  more 
concerning  this  Phenomenon,  in  Dr.  Gregory's ,  Dr.  Keill  s,  and 
other  Books  of  Aftronomy ;  asalfo  Mr,  Derham' s AJlro-P heology. 
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is  divided  into  Land  and  Water,  as  that  of  our 
Globe  is,  and  is  therefore  inhabited ;  as  they 
alfo  fuppofe  all  other  Planets  are*. 

A.  Then  they  imagine  the  Planets  to  be  fo 
many  Earths,  or  peopled  Worlds  ?  But  do  not 
the  different  Diftanees  of  the  Planets  render 
that  impoffible,  by  occafioning  too  great  Light 
and  Heat  in  fome,  and  too  great  Cold  and 
Darknefs  in  others  ? 

B*  Their  Bodies,  with  their  feveral  Organs 
of  Senfe,are  undoubtedly  fuited  and  adapted  to 
the  different  Confutations  and  Temperaments 
of  the  Planets ,  which  are  the  Extremes,  by  the 
fame  almighty  Power,  and  all-wife  Providence, 
which  hath  fuited  our  Bodies,  &c.  to  the  State 
of  this  Planet  we  live  on,  which  is  the  mean. 

A.  What  are  the  different  Dimenfions, 
Revolutions,  Denfities,  Quantities  of  Matter, 
Light,  Heat,  of  the  fix  primary  Planets , 
we  aye  difcourfing  of  ? 

B.  Thefe  will  be  all  feen  to  the  befl  Advan¬ 
tage  and  compared  in  one  general  View ;  to 
that  End,  I  have  drawn  up  a  Synopfis  of  them 
all  together,  as  you  here  fee,  all  grounded  on 
Mr.  Whijlons  Calculations,  which  are  the  moil 
moderate  of  any:  I  have  moreover  drawn  the 
fix  primary  Planets  in  their  true  Proportions 
of  Magnitude,  on  Plate  XV,  fronting/.  187. 

A.  Sir ,  It  is  very  good ;  I  take  it  as  a  great 
Favour,  and  humbly  thank  you. 

_  *  I  never  yet  could  be  fo  lucky  as  to  obtain  a  Sight  of  thefe 
Belts  and  Spots  in  Jupiter,  tho?  I  have  often  endeavoured  it 
with  a  Tube  12  and  16  Feet.  The  remarkable  Spot  difcovered 
by  Mr.  Hook,  in  1665,  May  9th,  at  9  at  Night,  is  that  by  which 
the  Motion  of  Jupiter  about  its  Axis  is  determined  to  be  in  q 
Hours  56k 
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A  SYNOPSIS  of  divers  Affections  of  the  P  LANE  T  S. 


TITLES. 

Saturn, 

Jupiter. 

Mars. 

Earth. 

Venus. 

Mercury. 

Their  Diameters  in  Englijh  Miles 

67870 

81155 

4444 

7964 

79°( 

3  2460 

The  Circumference  of  their  bodies  « 

213112 

294908 

13960 

2502O 

24823 

7724 

Their  Superficies  in  fquare  Miles  - 

14468430000 

2O68S0COOOO 

62032000 

I 9925O205 

I962380OO 

1900804 

Their  Solidity ,  or  Magnitude,  in  cubic  Miles  - 

16363700000000 

281042  jOOCOOOOO 

45966600000 

26446678907O 

t\ 

2584459OOCGO 

7793273°°° 

Their  mean  Difiances  from  the  Sun  in  Miles  - 

7770C0000 

424OOOOOO 

1 23000000 

8 icooooo 

59000000 

3200CC0O 

The  Diameter  of  their  Orbits  in  Miles 

1554000000 

8480OOOOO 

246000000 

162000000 

I I SOOOOOO 

64000^00 

The  Circumference  of  their  Orbits  in  Miies  - 

4881891000 

2662280000 

773686000 

508939200 

3706360CO 

20I0240CO 

Their  periodicalTimss  - 

I0759d  36' 

433d.i2h  20' 

686d  23h  27 7 

365 d  6h  9 7 

224c!  i6h  49 7 

87J  23I4  167 

The  Times  of  their  diurnal  Motions 

—  —  —  — 

09  09  56 

01  00  40 

00  23  56 

co  23  00 

*  #  * 

Their  daily  mean  Motions  in  the  Ecliptic  -  - 

oo°  2 '  oo'7 

oo°  04759;; 

00 0  3 1 1  27 77 

oo0  597  0877 

oi°  36 T  08 77 

04-°  05  7  3 2 77 

The  Inclination  of  their  Orbits  to  the  Ecliptic  - 

02  30  CO 

or  20  00 

01  52  00 

00  00  00 

03  24  00 

06  54  CO 

The  Excentricities  of  their  Orbits 

54700 

25050 

1 41 000 

1490 

5*7 

7970 

The  Proportion  of  Weight  on  their  Surface 

529 

943 

*  *  * 

435 

^  # 

5ft  5ft  # 

The  Proportion  of  their  Bulks 

621350 

106450c 

170 

1000 

985 

30 

The  Denfities  of  their  Majfies  - 

67 

94i 

*  *  # 

400 

*  *  % 

*  *  * 

The  Quantity  of  Matter  in  each 

33 

92 

#■  *  * 

5  9 
lc<J 

5ft  ift  # 

*  •*  * 

Their  Proportion  of  Light  and  Heat 

I  To 

/ 

I 

43 

100 

2C0 

700 

Their  Moons  or  Satellites  -  * 

5 

4 

«=  *  * 

1 

* 

*  *  * 

Proportion  of  Diameters  to  that  of  the  Sun  iooo 

1 3  7 

» 

i  0 1 

6 

1  2 

1  2 

4 

Proportional  mean  Diftances  - 

953800 

5201 10 

152369 

I OCGOO 

72333 

38710 

Greateft  apparent  Diameters  - 

*■  —  -■  ■  —  ... 

00 7  1 9 11  40  ‘1! 

00'  24U 12'” 

QO7  20"  50/r/ 

- 

32 ;  47  Sun 

01 0  05 7  58*' 

co7  11 77  48 ,lf 

Lead:  apparent  Diameters 

oo;  i4v  11 777 

00'  14"  36'7' 

00'  2”  46'" 

3  1 7  3c77  Sun 

00 7  09 77  54777 

00 7  C4.77  04. 7/7 

Place  of  the  Aphelion  -  - 

t  27°49;45" 

9°  97  54;/ 

o°  31/547' 

Vf  8°  i7  1077 

~  4°  19'  54 ;/ 

1  T 

?  I3°7'S4" 

Place  of  the  Node  - 

— * 1 

23  2i°  49;  54" 

2d  70  197  54^ 

W  1 8°  29;547' 

#  *  * 

n  i4°  25 ;54/? 

b  I5°!J  ?4." 

The  greatelt  Elongation  of  the  inferior,  aud 
Parailaxof  the  fuperior  Planets 

1  » 

6°  o;  qo’ 

n°  5'  00" 

I4q  o'  co/7 

#  *  * 

46°  41 7  0Gn 

22°  46  7  OS  77 

•  OJ  the  Comets,  their  Motion,  &c,  161 

CHAP.  V. 

Of  COMETOGRAPHY,  Or  the  PHILOSOPHY 

of  the  Comets. 

A.l[  AVIN  G  thus  pretty  largely  converfed 

JLJl  with  the  Planets,  and  viewed  their 
various  Natures,  Numbers,  and  Affedtions;  let 
us  next,  if  you  pleafe,  difeourfe  of  the  Comets: 
And,  in  the  firft  Place,  pray  tell  me  what  the 
proper  Meaning  of  the  Word  Comet  is  ? 

B.  Comet  is  a  Greek  Word,  derived  of  the 
Verb  TtofjLoiooi  to  have  long  Locks,  or  wear  long 
dishevelled  Hair $  becaufe  a  Comet  feems  to 
have  as  it  were  a  long  hairy  Tail. 

A.  Pray  what  is  the  Matter  or  Subftance  of 

a  Comet  ? 

B.  Sir  Jfaac  Newton  faith,  the  Bodies  of  Co¬ 
mets,  or  blazing  Stars ,  are  folid,  compact, 
fixed,  and  durable  Subftances ;  and  are,  in¬ 
deed,  but  a  different  Kind  of  Planets,  which 
move  about  the  Sun,  and  fhine  by  the  Light 
of  the  Sun-Beams  reflected  from  them 

A .  How  many  Sorts  of  Comets  are  there  ? 

B •  Comets  receive  a  Divifion  or  Diftinc- 
tion  on  Account  of  the  different  Form  of  their 
Tails :  Thus,  7 

Cometa  Crinitus ,  which  cafrs  forth  Beams 
like  Hair  around  it. 

Cometa  B arbutus *  having  a  Tail  reiemblipg 
a  Beard . 

CometaEnfformis^ving^Tulliko  a  Sword . 

*  Principia  Philo/,  508. 

L  Am  Why, 
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A.  Why,  Sir,  do  the  Comets  appear  with 
blazing  Tails,  and  no  other  Planet  or  Star  do 
fo  ? 

B.  This  feems  owing  to  fome  peculiar 
nndtuous  Matter  in  the  Bodies  of  the  Comets; 
which,  by  their  Approach  to  the  Sim’s- -Body, 
is  prodigioufly  heated,  rarefied,  and  made  to 
fly  off  in  a  fiery  Vapour,  on  that  Side  oppofite 
to  the  Sun,  in  the  Form  of  along  Tail,  grow¬ 
ing  wider  and  thinner  (as  all  fumy  Vapours 
do)  the  farther  it  proceeds  from  the  Comet's 
Body* 

A .  Then  you  fuppofe,  I  find,  that  the  Comets 
revolve  about  the  Sun,  as  well  as  the  Planets 
but,  pray,  in  what  Kind  of  Orbs  do  they  move? 

B.  They  move,  indeed,  in  dated  Periods  of 
Time  about  the  Sun,  in  Orbs  vadly  eccentric 
and  elliptical,  but  fome  more,  and  fome  lefsfo, 
as  there  Periods  are  longer  or  fhorter.  The 
Forms  of  their  remarkable  cometary  Orbs  are 
defcribed  in  the  Solar  Sydem  before-going  *. 

A .  In  what  Parts  or  Regions  of  the  Hea¬ 
vens  do  they  move  ? 

B.  Far  above  our  Atmofphere,  or  Region  of 
Air  :  Yet  when  they  come  neared  the  Sun, 
they  all  defcend  within  the  Orb  of  Saturn; 
and  thofe  which  come  neared  to  the  Sun,  are 
nearer  than  even  Mercury  itfelf:  Then  from 
the  Sun,  they  make  amazing  long  Excurfions 
through  the  vadly  didant  Regions  of  the  Uni- 
verfe  all  Manner  of  Ways,  and  acrofs  the 
Orbs  of  the  Planets. 

A .  How  far  do  you  think  fome  of  the  mod 
erratic  Comets  mav  rove  from  the  Sun  ? 

*  See  the  parabolic  Orbs  of  21  Comets  defcribed  in  Mr. 
IfhiJlon* s  Solar  Syjlem ,  or  the  fame  epitomized  in  Dr.  Deja- 
gulierfs  Courjes ,  Vol.  I. 

B.  Dr. 
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B.  Dr.  Halley  has  determined  the  longer 
Axis  of  the  Orb  of  that  Comet,  which  appear¬ 
ed  in  1680,  and  whofe  Period  is  575  Years, 
to  be  1382957  Parts,  of  which  the  mean  Dif- 
tance  of  the  Earth  from  the  Sun  is  10000 ; 
wherefore  fuppoling  this  mean  Dilfance  to  be 
81000000  Englifi  Miles,  then  the  Length  of 
that  Comet's  Orb  will  be  1 120 195 1700,  /.  e. 
above  eleven  thoufand  and  two  hundred  Mil¬ 
lions  of Englijh  Miles;  which  may  be  efteemed 
as  fo  far  beyond  the  Sun,  the  Sun  being,  as  it 
were*  in  the  very  Orb  itfelf  at  the  hither  mod 
End. 

A.  The  Comets  approaching  thus  near  the 
Sun,  mu  ft  furely  be  very  hot ;  and  receding 
again  to  fuch  a  prodigious  Diftance,  mud  there 
be  again  very  cold  :  Is  it  not  thus.  Sir  ? 

B.  Yes,  mod  certainly:  Sir  Ifaac  Newton 
has  computed  the  Heat  of  the  aforefaid  Co¬ 
met,  when  neareft  the  Sun,  to  be  2000  Times 
hotter  than  red-hot  Iron :  But  Bodies  thus 
heated  prefer ve  their  Heat  a  long  Time ;  it  is 
computed  that  a  Ball  of  Iron,  as  big  as  the 
Globe  of  our  Earth,  would,  if  red-hot,  require 
50000  or  fifty  thoufand  Years  to  grow  cold 
in  ;  but  the  Bodies  of  Comets  being  vafUy 
greater  than  our  Earth,  can  therefore  never  be 
cold,  at  their  greateft  Diftance  from  the  Sun*. 

A,  And 5 

*  Since  the  Diftance  of  the  Comet  Ann.  1680,  Zh?rm.8,when 
it  was  in  its  Perihelion ,  from  the  Sun,  was  to  the  Diftance  of  the 
Earth  at  thatTimeTromthe  Sun,  as  about  60  to  1000,  the  Heatof 
the  Sun  at  that  Time  at  the  Comet  was  to  the  Heat  of  our  Sum¬ 
mer  Sun,  as  1000000  to  36,  or  28000  to  i.  But  the  Heat  of 
boiling  Water  is  aboutthree  Times  as  great  as  the  Earth  con¬ 
ceives  from  the  Summer’s  Sun  ;  and  the  Heat  of  red-hot  Iron 
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A.  And,  pray,  can  the  Places  of  the  Comets 
be  found  in  the  Zodiac,  as  thofe  of  the  Pla¬ 
nets,  by  Calculation  ? 

B.  Yes:  That  indefatigable  Improver  of  all 
Arts,  Dr.  Edmund  Halley,  has,  by  the  Labour 
of  many  Years,  compiled  a  Set  of  Tables, 
whereby  the  Places  of  above  20  Comets  are  to 
be  determined  for  any  given  Time  :  A  Work 
which  will  endure  for  ever ;  and  for  which  all 
future  Aftronomers  muft  acknowledge  them- 
felves  indebted  to  this  great  Man  *. 

A,  Pray  what  do  you  farther  obferve  con¬ 
cerning  thofe  Bodies  ? 

B.  We  may  obferve,  that  as  they  are  dis¬ 
covered  of  late  Years  to  be  hard  folid  Bodies, 
encompafled  with  an  Atmofphere,  and  revolve 
about  the  Sun  in  dated  Periods  of  Time  j 
therefore  they  are  a  Part  of  the  Mofaic  Crea¬ 
tion,  as  well  as  other  Planets,  and  are  not  to 
be  reckoned  Meteors,  cafually  kindled  and 
fleeting  in  the  Air,  as  the  ancient  Philofophers 
dreamed. 

A.  Well,  to  end  the  Difcourfe  of  Comets , 
pray  tell  me,  in  the  laft  Place,  to  what  Ufe  or 
Purpofe  they  may  ferve  ? 

B.  Some  conjecture  they  are  appointed  to 
demolifh  planetary  old  Worlds,  and  to  fupply 

Is  three  or  four  Times  as  much  as  that  of  boiling  W ater  ;  and 
therefore  the  Heat  which  dry  Earth  would  conceive  from  the 
folar  Rays  at  the  Comet  in  Periheliois  near  2000  Times  greater 
than  red- hot  Iron.  And  therefore  with  fo  great  aHeat^wrj, 
Exhalations,  and  all  volatile  Matter,  muft  needs  beimmediately 
Confumed  and  diftipated.  Newton’s  Princip.  in  Loco  citato. 

*  This  Synipfis  of  Comet  ary  Jljlrono?ny\iy  Dr.  E.  Halley  is  ex¬ 
cellently  well  explained  by  Mr.  Whijlm,  at  the  End  of  his 
Geom.  Lectures, 

1  Materials 
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Materials  again  for  building  them  anew ; 
others,  that  they  are  fo  many  Hells  to  punifh 
the  Damned  with,  perpetual  Viciflitudes  of 
intolerable  Heat  aifd  Cold  ;  but  all  is  uncer¬ 
tain  . 


CHAP.  VI. 

As  trography,  or  the  Philosophy  of  the 

fixed  Stars. 

A.  T^|  O  you  not  mean  by  Afirography , 
the  Science  or  natural  Knowledge 
of  the  fixed  Stars  ? 

B.  Yes :  It  being  compofed  of  the  Greek 
Words,  ctq-'po''’,  a  Star ,  and  ypct<pr\  a  Defcrip - 
tion  (as  hath  been  Pi  id  often  before)  whence 
it  fignifies  a  philof  op  hical  Defcrip  tion  of  the 
fixed  Stars. 

A.  Pleafe  to  tell  me  why  they  are  called 
fixed  Stars  ? 

B .  They  are  fo  called,  in  Oppofition  to  the 
Planets, or  moving  Stars  : ;  becaufe  thefe  always 

*  The  latter  is  Mr.  Whi  fiords  Opinion,  as  may  befeen  in  his 
Afronom.  Princip.  of  Religion* 

See  much  more  of  Comets  in  Newton  s  Prin .  Math.  Philo/. 
Lib.  III.  Prop.  40,  41,  42.  Dr.  Gregory's  A/lronomy,  Book  V. 
Dr.  Keill’s  Afrcn.  Left.  17 •  Dr.  Halley' s  Sy nop.  of  the  A/ron .  of 
Comets.  Mr.  Whifon' s  A/ron.  Principles  of  Religion.  Mr,.  Der~ 
ham' s  Afro-Theology .  Rohault's  Phyfcs,  Part  II.  Chap.  26.  with 
Dr.  Clarke's  Notes  thereon.  .  foan .  Clericz  Vhyfica ,  Lib.  I. 
Cap.  1  I.  La  Bibliotheque  des  P  hilofophes,  Tome  prem.  Page 
362.  L'Hifoire  Naturelle  de  l  XJninjerfe,  ’I  om.  1.  Partie  I.  Chap, 
a.  Infitutio  Philof.  Tom.  III.  §  2.  Dr.  Cheney' s  Philo/.  Princip „ 
Part  I.  Chap.  5.  §  18  Regnau.lt' s  Philof  Connjerfat .  Vol.  III. 
Converf.  20.  Page  283.  with  Mr  Dale's  Notes  thereon.  The 
A  uthors  cited  in  Johnfon  s  Philof.  Chief  ions,  Page  /  29,  130,  1 3  1 , 
Dr.  Harris's  Lexicon,  and  Chamb.  Didlion .  under  the  Word  Co.- 
met.  Dr’.  Defaguliers' s  Courfe,  Vol.  I,  Page  409,  410,  411. 

L  3  '  ke2p 
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keep  the  fame  Place  in  the  Heaven,  and  do 
not  feem  to  move  for  many  Ages  together. 

A.  Bat  by  this,  I  think,  you  imply  they 
have  fome  Motion  ?  I 

B*  The  Motion  of  the  fixed  Stars  is  very 
fmall,  not  exceeding  5o"ofa  Degree  in  a  Year, 
or  one  Degree  in  70  Years ;  and  therefore  to 
compleat  one  Revolution  of  a  Circle  is  required 
25920  Years;  after  which  Time  the  Stars  all 
return  again  to  their  former  Places  ;  This  Pe¬ 
riod  of  Time  they  call  the  Great  or  Platonic 
Year ,  in  ancient  Times;  and  imagined,  when 
it  was  finifhed,  all  Things  would  begin  again 
anew,  and  return  in  the  fame  Order  they  do 
now. 

1  tmderftand  by  what  you  faid  of  the 
diurnal  Rotation  of  the  Earth,  that  the  Motion 
of  die  Stars  from  Eaftt o  Weft  each  Night,  is 
poly  dn  apparent  one ;  but  the  Motion  you 
fpeak  of  now,  I  prefume,  is  a  real  and  proper 
Motion  of  the  Stars ;  is  it  not  ? 

J3.  No,  Sir,  even  this  is  not  real,  but  ap¬ 
parent*,  being  occasioned  by  a  certain  contrary 
equal  Motion  of  the  Earth,  arifing  from  the 
fpheroidical  Figure  thereof,  which  Figure  alfo 
arifeih  from  the  Rotation  of  the  Earth  about 
its  Axis 

A.  Thus  much  of  the  Motion  of  the  fixed 
Stars  5  pray  what  do  you, think  of  their  Num¬ 
ber,  is  it  not  infinite  ? 

*  This  is  confirmed  by  Experiment ;  for  if  a  large  Armillary 
Sphere  be  made  to  turn  very  fwi  fitly  about  an  Axis,  the  faid 
Sphere  will  very  viiibly  fvvell  out  and  become  more  extended 
in  and  about  the  Equatorial  Parts,  and  at  the  fame  Time  be 
contracted  and  link  trom  the  Poles  ;  which  will  occafion  the 
Sphere  to  put  on  an  oblate  or  fpheroidical  Form ,  fiuch  as  is  here 
a-iCcioed  to  the  Earth  oh  Account  of  its  rapid  diurnal  Motion, 
d'te  Dr,  Keih  s  FI  Hr  on.  Led.  VIII.  Page  y  y  8,  ~c0 

5  '  B.  If 
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B.  If  they  are  not  infinite,  they  are  certain¬ 
ly  innumerable;  for  with  a  good  'telefcope  they 
appear  Millions  beyond  Millions,  till  by  their 
immenfe  Diftance  they  evade  the  Sight  as  af- 
fifted  with  the  bed:  Inftruments ;  but  then  do 
not  miftake,  thofe  which  are  vifible  to  your 
naked  Eye,  are  (in  the  moft  ferene  Night)  but 
a  few,  not  above  three  or  four  Hundred, 

A .  No  !  That  is  a  flrange  Doctrine  !  Do 
not  everv  Man’s  Eyes  declare  them  innume¬ 
rable?  And  doth  not  the  Scripture  alfo  affirm 
the  fame  ? 

B.  I  know  People  are  not  eafily  perfuaded 
to  believe  this  new  Notion  of  the  Number  of 
the  Stars  which  are  vifible,  but  it  is  founded 
on  Demonflration ;  the  Eye  is  deceived  by  the 
vehement  Twinkling,  and  confufed  Appearance 
of  the  Stars;  And  as  to  the  Scripture,  it 
ipeaketh  of  the  Stars  hyperbolically,  or  elfe  it 
meaneth  the  invisible  Stars ,  as  well  as  thofe 
that  are  vifible;  and  then,  indeed,  they  are 
numberlefs,  as  I  faid  before. 

A.  Pray  how  do  you  know  the  Number  of 
the  vifible  Stars  is  fo  fmall  ? 

B.  By  aftronomical  Obfervations  for  manv 
hundred  Years  part,  and  the  Catalogues  which 
have  been  feveral  Times  taken  of  them. 

A  Catalogues !  what,  1  pray  you,  of  the 
Stars  ? 

B.  Yes,  the  fixed  Stars  have  been  long  fince 
regiftered  in  the  Records  of  Aftronomy:  Hip¬ 
parchus ,  the  Rhodian ,  about  120  Years  before 
Chriit,  was  the  firft  who  made  a  Catalogue 
of  the  Stars*,  his  contained  1022  :  After  him, 
Ptolemy  enlarged  this  Catalogue  to  1026  :  Z7- 
lug  Beighi,  the  Grandfather  of  "Tamerlane  the 

L  4  Great , 
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Great ,  made  a  Catalogue  of  1017  Stars:  Ty¬ 
cho  determined  the  Places  of  777  fixed  Stars * 
and  reduced  them  to  a  Catalogue  :  Kepler  s 
Catalogue  contained  1163:  The  Prince  of 
Hejfe  s  Catalogue  was  of  400  Stars  :  the  Je- 
fun  RJccioIus  enlarged  Kepler  §  Catalogue  to 
1468  :  It  is  faid  a  lib  that  one  Bay  eras  had  de¬ 
fended  the  Places  of  1725  :  After  this.  Heve^ 
Hus  of  Dantztck  compofed  a  new  Catalogue  of 
1888  :  But  the  large  ft  and  moft  compieat  Ca¬ 
talogue  ever  yet  published  of  the  fixed  Stars * 
is  that  of  Mr.  Flamftead,  in  his  Celeftial  Hijlo- 
ry7  which  contains  near  three  thoufand  Stars ; 
all  whofe  Places  and  Situations  are  far  better* 
and  more  exactly  determined  in  the  Heavens* 
than,  the  Politic n  of  many  Cities  on  Earth 
through  which  Travellers  daily  pafs 

A,  Well,  con  fide  ring  the  many  hundred  of 
¥  ears  Observation  on  the  Stars,  and  the  various 
Catalogues  made  thereof  which  you  have  now 
related  $  and  confidering  the  moft  compieat 
contains  not  above  1000  Stars ,  tho’  affifted  bv 

V/-  ** 

the  longeft  and  beft  Glaffes ;  I  am  obliged  to 
acknowledge  my  erroneous  Notion  of  the  great 
Number  of  the  vifible  ones ;  and  flhall  next*  if 


4  What  I  have  here  averted  concerning  the  fmall  Number 
of  the  ‘vi/ible^tan^nd  the  Catalogues  of  them,  is  upon  the  Au» 
thority  of  no  lets  a  Man  than  that  excellent  Aftronomer  Dr. 
KeilL  See  his  AJlronovi .  Lett.  VI.  Page  c  i .  32,  33,  34,  where 
he  has  tbefe  Words  —  Of  the  3c 00  Stars  in  Mr.  F lamjlead’ s  Ca¬ 
talogue.,  itisfeldom  that  a  ‘■very  good  Eye  can  reckon  more  than 
one  Hundred  together.  And,  if  1  miftake  not  greatly,  the  fa¬ 
mous  Flamftead  himfelf  does.in  his  FUJI  or  i  a  Cczlefcis ,  pofi  lively 
ahert,  that  the  naked  Eye  cannot  discover  above  384  Stars  in 
the  fereneft  Night  in  both  the  Hemispheres.  And  the  Reader, 
if  he  thinks  fit  to  take  on  him  the  Trouble  of  counting  the 
vifible  Stars,  will  need  no  other  Reafonto  convince  him  of  his. 
lYJiiUke  in  this  Matter. 


you 
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you  pleafe,  afk  your  Opinion  concerning  their 
Diftance  from  us  ? 

B .  Their  Diftance  !  Alas, you  can  hardly  en¬ 
quire  about  a  Thing  more  unknown,  or  more 
incredible,  than  what  is  but  imperfectly  known 
thereof ;  however,  to  fatisfy  you,  take  the  fol¬ 
lowing  Account,  The  famous  Hugens  found 
the  brighteft  and  largeft,  and,  of  Courfe,  the 
neareft  of  all  the  fixed  Stars ,  viz.  Syr  jus,  to  be 
in  Appearance  2.jb6^T\m^  lefs  than  the  Sun; 
and  iince  their  Diftances  are  greater,  as  their 
Magnitudes  are  lefter,  therefore  this  Star  muft 
be  at  the  Rate  of  2000000000000,  i.  e.  above 
two  trillions  of  Millions  of  Englifh  Miles; 
which  is  fo  very  great,  that  a  Cannon-Ball 
would fpendalmoft 700000;/.  e ,  feven hundred 
Thoufand  Years  in  paffing  through  it;  and  it  is 
very  probable,  that  all  fixed  Stars  are  equally 
diftant  from  each  other,  in  Proportion  to  the 
Diftance  of  the  neareft  of  them  from  our  Sun. 

A.  What  are  the  Grounds  of  this  your 
Opinion  ? 

B.  By  the  Smallnefs  of  their  Appearance 
thro"  the  beftGlaffes,  and  the  different  Degrees 
thereof,  I  am  induced  to  believe,  that  they  are 
not  only  as  far  diftant  from  each  other  as  from 
our  Sun  ;  but  alfo,  that  each  fixed  Star  is  a  Sun, 
furrounded  by  a  Syftem  of  Planets  and  Comets , 
and  thofe  again  furnished  with  different  Num¬ 
bers  of  Moons,  all  in  the  fame  Analogy,  Order, 
and  Proportions  of  Number,  Size,  and  Glory, 
as  we  behold  in  thofe  of  our  own  Solar  Syftem. 

A .  O!  amazing  and ftupendous  Scene!  Suns 
without  Number,  and  Worlds  turning  up  upon 

Worlds ! 
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Worlds  !  Syftems  of  moving  Orbs  immenfely 
great,  yet  invifible  to  our  Eyes  ;  all  inhabited 
and  difperfed  thro’  all  the  diftant  Realms  of 
univerfal  Space !  I  am  almoft  loft,  yea,  quite 
confufed  in  my  Conceptions ;  but,  pray,  on 
what  does  fuch  a  glorious  Hypot hefts  depend  ? 

B*  On  Ratiocination,  and  divers  aftronomi- 
cal  Obfervations.  We  reafon  thus  1  our  Sun 
ihineth  by  its  own  native  Light,  To  do  the 
Stars ;  ergo,  they  are  Suns.  The  Sun  at  the 
Diftance  of  a  fixed  Star  would  appear  no  lar¬ 
ger  than  a  Star ;  ergo ,  a  fixed  Star  may  be  as 
large  as  the  Sun.  None  of  our  Planets  at  that 
Diftance  could  he  feen  at  all  ergo ,  each  Star 
may  have  a  Syftem  of  Planets,  tho’  unfeen. 
God  hath  made  nothing  in  vain  (Axiom  I.) 
but  nothing  is  more  vain  than  to  pretend  My¬ 
riads  of  unfeen  Stars  were  made  to  twinkle  un¬ 
heeded  in  the  unfeen,  unknown  Regions  of  the 
Univerfe;  ergo,  they  feverally  ferve  the  noble 
Purpofes  of  Light  and  Heat  for  the  Planets  of 
their  Syftems.  As  to  Obfervation,  it  is  well 
known  how  Stars  appear  and  dilappear  after 
certain  Intervals;  what  can  this  be  but  the  Al¬ 
mighty's  Handextinguifhing  old, and  kindling 
new  Suns?  Demolishing  old,  and  erecting  new 
Syftems  of  Worlds  ?  And  fuch  undoubtedly  was 
the  Cafe  of  cur  World,  and  planetary  Syftem, 
in  the  Mofaic  Creation.  Our  Sun  juft  made, 
would  have  been  a  pew  fixed  Star  juft  appear¬ 
ing  to  an  Eye  in. any  of  the  neareft  Stars ;  forne 
of  our  Comets  alfo  may  there  appear  new  Stars , 
when  in  their  Aphelia ,  but  in  their  Return  to 
their  Perihelia ,  difappear  again:  Thus  alfo  fome 

of 
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of  our  new  Stars  mav  be,  and  doubtlefs  are 
Comets  (belonging  tofomeSun)  in  theirutmoft 
Excurfions,  which  upon  their  Return  difap¬ 
pear  again  :  Thefe  new  and  extinguiflied  Stars > 
are  generally  in  the  Galaxy ,  or  Milky-way  3 
but  why  there  more  than  elfewhere,  unlefs  be~ 
caufe  thefe  Parts,  being  repleniflied  with  afar 
greater  Number  of  Suns,  give  of  Courfemore 
frequent  Occafibns  of  thefe  P hcenomena.  Alfo 
it  is  well  known,  that  the  Milky-Way  hath  its 
Complexion  from  the  united  Luftre  of  an  in¬ 
finite  Number  of  fixed  Stars,  or  Suns,  in  thofe 
Parts  of  the  Rxpanle,  which  go  by  that  Name: 
From  all  this  itapppears,  that  the  Hypothefis 
of  a  Plurality  of  Worlds  is  rational,  worthy  a 
Philofopher,  and  greatly  difplays  the  Wifdom, 
and  redounds  to  the  Glory  of  the  great  Creator 
and  Governor  *. 

A.  I 

*  1.  A  new  Star  is  faid  to  have  been  obferved  by  Hipparchus, 
but  its  Place  in  the  Heavens  was  not  left  upon  Record. 

'  2.  On  November  the  8th,  1572,  anew  Star  was  obferved  to 
appear  in  the  Chair  of  CaJJiopeia ,  bv  Cornelius  Gemma  ;  it  was 
feen  by  Tycho  Brahe  the  1  ith  of  the  fame  Month,  and  in  March 
1574  it  became  extindl. 

”3.  In  Ann.  1640,  Sept.  30,  the  Scholars  of  Kepleri\ aw  a  new 
Star  near  the  right  Leg  of  Serpentarius ,  which  gradually  difap- 
peared,and  was  wholly  invifible  Jan.  1641-2.  Note,  Thefe^vvo 
appeared  with  the  Luftre  of  Venus  or  Jupiter ,  and  not  as  the  fol¬ 
lowing  ;  and  are  therefore  thought  to  be  of  a  different  Species. 

4  .  In  the  Year  IC96,  Aug.  3,  David Fabricius  gives  the  firft 
Account  of  the  Stella  Maria,  or  wonderful  Star,  in  the  Neck  of 
the  Whale;  w  <ich  has  been  fince  found  to  appear  and  difappear 
periodically,  its  Period  being  feven  Revolutions  in  fix  Years, 
and  is  never  entirely  extinguifhed. 

5.  In  the  Year  16^0,  William  Janfonius  difeovered  another 
new  Star  in  the  Neck  of  the  Svoan.  This  in  Time  became  fo 
f  nail,  as  to  be  thought  to  difappear  entirely,  till  the  Years 
1657,  58,  and  39,  when  it  recovered  its  former  Magnitude; 
but  it  icon  after  decayed,  and  is  now  one  of  the  leaft  Size. 

6.  In 
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1  now  fee  no  Reafon  to  hefitate  about  the 
Truth  of  this  new  and  noble  Doctrine ;  which 
fo  enlargeth  our  View  of  the  wonderful  Works 
of  infinite  Wifdom,  by  putting  the  Univerfe 


6.  In  the  /ear  1670,  July  15,  O.  S.  Hevelius  difcovered  & 
new  Star,  which  in  Qdlober  was  fo  decayed,  as  to  be  fcarce  per¬ 
ceptible,  In  April  following  it  regained  its  Luftre,  but  wholly 
difappeardd  about  the  Middle  of  Augujl .  In  March  1672,  it  was 
feen  again,  but  very  fmall ;  fince  when,  it  has  been  no  far¬ 
ther  vilible. 

7.  The  fixth  and  laft  new  Star  was  difcovered  by  Mr.  Ga 
Kirch ,  in  the  Year  1686,  which  returns  periodically  after  the 
Space  of  404^- Days.  And  thefe  are  all  the  remarkable  nenm 
Stars  for  160  Years  paft. 

8.  There  are  in  the  Heavens  feveral  lucid  Spots,  called  Nehu- 
ire,  from  their  mijly  Appearance ;  they  appear  to  the  naked  Eye  as 
a  dim  fixed  Star,  but  thro’  a  Telefcope  they  appear  a  broad  illu¬ 
minated  Space  of  Mther ;  in  fome  ofwhich  there  is  afmall  Star, 
in  others  more.  Of  thefe  Nebula  there  are  fix  difcovered,  viz. 

9.  The  fir  ft  and  moft  confiderable  in  Orion  s  Sword,  at  pre¬ 
sent*  is  in  II  190  o  V  South  Lat.  28°  45'.  About  the  Year 
1661,  another  was  difcovered  in  Andromeda's  Girdle.  ItsLono*. 
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10.  The  3d  was  difcovered  in  the  Year  1665,  and  is  in  Long, 
vy  40  307,  and  Lat,  S.  30  307. 

11.  The  4th  was  difcovered  by  Dr,  Halley ,  1677,  in  the 
Southern  Hemifphere,  and  never  rifes  in  England . 

12.  The  cjth  was  difcovered  by  Mr.  Kirch ,  in  1681.  Its 
Long,  is  Vjf  90  o',  Lat.  i;Q  107  North. 

13.  The  6th  and  laft  was  difcovered  by  Dr.  Halley ,  in  1714 ; 
its  Place  is  near  Ift  26°  307,  with  570  o7N.  Latitude.  Seethe 
Fhil.  Tranf  N°  346,  347,  and  feveral  other  Numbers. 

14.  The  Conftellation  called  the  Pleiades,  or  feven  Stars,  con- 
« -i ins  no  lei  5  than  70  or  50  Stars  vifible  in  the  Telefcope  j  and 
when  1  had  placed  a  large  Telefcope  againft  one  of  the  \ebu- 
ions  Stars,  the  Glafs  was  fo  full  of  very  fmall  Stars,  that  they 
could  not  be  numbered.  From  all  this,  I  think  it  is  perfedly  cer¬ 
tain, that  the  whole  Univerfe  is  replete  with  numberlefs  Worlds, 
and  Realms  of  Light  of  eternal  Day,  which  are  intercepted 
from  our  Sight  by  thedufky  Regions  of  our  Planetary  Syftem. 

_  <  5°  See  more  on  this  Subject  in  Bifhop  Wilkins's  World  in 
the  Moon,  r  ontenelle* s  Plurality  of  Worlds,  Even.  V.  Havens's 
Planetary  Syftem.  Mr.  Der hart’s  Af  ro -Theology,  Introduction  ; 
and  various  other  Witters  of  Aftronomy. 


4 


into 


* 


/ 


Of  new  Stars',  the  Galaxy.  Stars  are  Suns.  173 
into  Signification  and  Harmony,  and  peopling 
the  fame  throughout  with  rational  Beings : 
How  will  Pollerity  blefs  the  divine  Difcoveries 
and  Labours  of  thefe  Ages,  wherein  the  dark 
and  barren  Wilds  and  Deferts  of  indefinite 
Space  have  been  enlightened  by  fuch  Millions 
of  Suns;  liored  and  planted  with  fuch  Myriads 
of  Planets ;  and  cultivated  by  fuch  endlefs 
Numbers  of  Inhabitants  of  every  Kind  ! 
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PART  III. 


AEROLOGY: 

CONTAINING, 

I.  The  Philofophy  of  the  Atmofphere,  or  Air* 
II*  The  Philofophy  of  the  Winds. 

Ill-  The  Philofophy  of  the  Meteors . 

IV,  The  Philofophy  of  celejlial  Appear ances. 

Explaining  what  is  hitherto  known  of  their  Nature ,  Caufes9 

Properties ,  and  Effects. 

i  ■■  i  .jp  ...  . 

CHAP.  L 

O/^Aerology  tn general,  or  the  Philosophy 
of  Air,  Jhewing  its  wonderful  Nature* 
Properties  and  Effects. 

A.  "QUAY,  Sirf  what  is  the  original  Sig- 
XT  nification  of  Aerology  ? 

B .  It  is  a  Word  compounded  of  clr,p.  Air 9 
and  AoTo?,  a  Difconrfe ;  and  therefore  imports 
a  philofophical  Difcourfe  of  the  Air. 

A.  What  are  we  to  underhand  by  Air  ? 

B*  That  invilible  fluid  Subftance  which  en~ 
compaffeth  the  Earth  on  every  Side,  which  con¬ 
tains 


Of  the  Air,  its  ’various  Properties,  i ye 

tains  the  Vapours,  Clouds,  and  other  Meteors, 
and  in  which  all  living  Creatures  breathe;  the 
whole  Body  of  which  is  called  the  Atmofphere. 

A.  Pleafe,  Sir,  to  let  me  know  why  it  is 
called  the  Atmofphere  ? 

B.  From  the  two  Greek  Words,  dr/mlt  a 
Vapour ,  and  a-pApct  a  Sphere ;  fo  that  Atmo¬ 
fphere,  in  native  Englifh,  is  a  round  Body  of 
Vapours ;  and  fuch  is  the  Air  furrounding  the 
Earth,  as  being  conftantly  replete  with  Va¬ 
pours  exhaled  by  the  Sun’s  Rays. 

A.  What  are  the  principal  Properties  of  the 

Air  • 

B.  Thefe  which  follow  :  i.  TheAir  is fluid, 
yet  cannot  be  congealed  like  Water.  2.  It  is 
pellucid  ox  tranfparent  to  that  Degree,  as  to  be 
invifible.  3 .  It  may  be  rarefied  and  condenfied. 

4.  It  is  endued  with  an  elafiic  Power  ox  Force. 

5.  It  hath  Weight  ox  Gravity.  6.  Ithath  proper 
Bounds  01  Fimits,  and  is  not  infinite,  y.  It  is 
neceflary  to  Life,  Flame ,  Sound,  Light ,  &c. 

A.  How  do  you  know  the  Air  is  a  Fluid ? 

B.  It  hath  all  the  Properties  of  a  Fluid  ;  is 
corporeal,  heavy ;  its  Parts  yield  to  any  Force 
imprefied,  and  are  ealily  moved  one  amon^ft 
another;  itpreflethin  Proportion  to  its  Height, 
and  the  Preflure  is  every  Way  equal:  It  is 

evident,  therefore,  that  it  ought  to  be  reckoned 
a  Fluid. 

A.  What  is  the  Reafon  the  Air  is  fo  tranf¬ 
parent,  as  to  be  invifible  ? 

B.  Becaufe  of  the  great  Porofity  thereof; 
the  Pores  and  Interfaces  of  Air  being  lo  very 
great  and  large,  it  admits  the  Light  not  only 
in  right  Lines,  but  in  luch  great  and  plentiful 

-  -  Rays, 


I 

Yjh  The  Philosophical  Grammar 

Rays,  that  the  Brightncfs  and  univerfal  LultM 
thereof,  not  only  renders  the  Air  diaphanous, 
but  entirely  hinders  the  Opacity  of  the  very 
fmali  Particles  of  Air  from  being  at  all  fee 
and  therefore  the  whole  Body  of  Air  muft 
confequently  be  invifible* 

A.  You  obferved  next,  the  Air  hath  the 
Property  of  being  rarefied  and  condenfed  y 
pray  how  is  this  demonftrated  ? 

jg.  That  Air  may  be  rarefied,  is  proved  ft- 
veral  Ways;  as  thus,  if  you  take  a  Bladder, 
entirely  empty  as  you  think,  and  tie  its  Neck 
with  a  Thread,  and  lay  it  before  the  Fire,  the 
Heat  will  fo  rarefy  the  little  inclofed  Air,  as 
to  make  it  extend  the  Bladder  to  its  utmoft 
Stretch,  and,  if  continued,  will  break  thro’  it 
with  the  Report  of  a  Gun  :  Alio,  that  Air 
in  ay  be  lo  con  den  fe  q  by  /vrt,  as  to  take  up  but 
yth  Part  of  the  Space  it  poffeiled  before,  is 
proved  by  various  Experiments*. 

.*  Since  the  Air  is  comp-refTed  by  the  Weight  of  the  incum¬ 
bent  Atmofphere,  and  the  Denfity  of  Air  is  proportions. ole  to 
the  Force  comprefling  it,  it  follows  by  Computation^  that  at 
the  Help  ht  of  about  fe ven  Miles  rrom  the  Earth,  tne  Amis  rour 
Times  rarer  than  at  the  Surface;  and  at  the  Height  of  14 
Miles,  it  is  16  Times  raeer  than  at  the  Surface;  and  at  the 
Height  of  21,  28,  or  35  Miles,  it  is  Tefpe&ively  64,  256, 

Or  *"1024  Times  rarer;  and  at  the  Heigjht  of  70,  140, 
and  210  Miles,  it  is  about  looocoo,  10000000*0000,  _  or 
loooooooooooroooooo;  and  fo  on  in  a  geometrical  Proportion  j 
of  Rarity,  compared  with  the  arithmetical  _  Proportion  of 
its  Height.  Newton' s  Optics,  Page  342.  . 

Moll  Authors  hold  Air  to  be  comprefTible  in  infinitum. 
Meat  rarefies,  and  Cold  condenfes  the  Air,  the  molt  of  any 

Agents  vvhatfoever.  . 

°It  has  been  found  that  Air,  by  the  bare  Force  of  its  Spring, 
Will  dilate  itfelf  into  13000  Times  the  Space  it  pofieues  under 
the  Preliure  of  the  Atmofphere  ;  and  fince  it  may  be^  com- 
prelied  into  60  Times  a  lefs  Space  than  that,  it  is  plain  it  may 
poffefs  a  Space  of  780000  Times  greater  at  one  Time  than  3 
another;  for  13000X6022:780000. 

A.  Pray 
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A .  Pray  how  do  you  prove  the  Airs  Ela¬ 
sticity  ? 

B.  By  various  Experiments  of  the  Air  Pump, 
and  otherwife :  One  very  plain,  is  thus ;  an 
empty  Bladder,  whofe  Neck  is  faft  tied,  being 
put  into  the  Receiver,  and  the  external  Air 
therein  exhaufted,  the  Small  Matter  of  the  in- 
clofed  Air  will,  by  its  own  proper  Spring  or 
eiajitc  Force ,  gradually  expand  it  Self,  and  at  laft 
will  fo  extend  the  Bladder  as  to  break  it :  Thus 
alfo,  the  Air  compreffed  in  the  Wind-Gun 
will  by  its  elajhc  Force  (being  difcharged) 
drive  a  Bullet  through  a  Board  at  the  Diftance 
of  feveral  Yards,  in  the  fame  Manner  as  with 
Gunpowder  :  Yea,  Mr.  Boyle  hath  found  that 
Air  by  its  Spring,  or  Elafiicity,  will  So  far  di¬ 
late  or  expand  it  Self,  as  to  take  up  13769 
Times  a  greater  Space  than  before  :  This  Power 
of  ElajUcity  is  as  the  Denjity  of  the  Air 

A .  Pray 

*  1  •  The  artificial  Fountain,  or  Jetd’Eau,  is  not  only  a  jfuffi- 
cient  Proof ,  but  a  very  pretty  Effect  of  the  Air’s  elaftic  Force ;  fee 
Fig.  LIV.  on  Plate  XII,  fronting  p.  153.  VYhere  the  VefTei 
ASDE  has  aTubeorPipe  DB  fixed  therein,  and  communicates 
with  the  internal  Part  or  Body  A  B ;  the  Part  B  is  filled  with  Wa¬ 
ter,  and  the  other  Part  A  with  Air,  by  Means  of  an  injecting  Sy¬ 
ringe  fcrewed  on  atC.  The  Air  thus  croudedinand  condenfed 
in  the  Part  A,  preffes  very  hard  on  the  Water  B,  and  forces  it  up 
the  Tube  to  D,  where  the  Cock  being  turned,  it  fpouts  up¬ 
right  with  great  Celerity,  in  a  fmall  Stream  to  the  Height  H,' 
where  being  broke  and  divided  by  the  Refinance  of  Air,  it 
falls  down  in  a  Mijt ,  or  Drops,  like  Rain,  Ofthefe  Fountains 
divers  Sorts  may  be  found  defcribed  in  Authors,  particularly 
in  Mr.  Step.  Switzer’s  Introd.  to  Hydroflatics  and  Hydraulics. 

2.  To  this  Property  of  Airis  owing  the  Fkcuum  made  in  a  Re¬ 
ceiver  placed  on  an  Air-Pump.  For  when  the  Air  contained  in 
the  Barrels  a ,  a/is  drawn  out  by  the  Embolie,e ,  the  Air  remain¬ 
ing  in  the  Receiver  0,  0,  dilating  and  expanding  itfelf  by  this 
Power,  rufhes  through  the  Pipe  h,  h>  to  fill  the  Facility  of  the 

M  Barrels, 
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A.  Pray  how  do  you  become  acquainted 
with  the  Airs  Gravity  ? 

jB.  By 

Barrels,  which  is  again  drawn  out,  and  the  Air  in  the  Receiver 
again  dilates  to  replenish  the  Barrels;  and  by  fuch  a  Procefs  the 
Airis  rarefied  to  fuch  a  Degree,  as  to  caufe  moft  of  the  Appear¬ 
ances  and  Effects  of  an  abfolute  V acuu?n ;  and  tins  is  indicated  by 
th e Mercury  riling  in  the  'I  ube  /  by  the  PrefTure  of  external  Air. 

3*  1  Bia.il  here  take  Notice  of  that  Par-vum  Natures  Miracu- 
Jum,^  (as  Rohault  callsit)  or  little  Miracle  of  Nature;  linean  the 
Lachryma  of  P rujfia  or  Holland ,-  fometimes  called  Prince  Rupert's 
D:op,  and  in  common,  the  Glafs -V ear.  See  its  Form  in  Ftp. 
LV.  on  Plate.  XII,  fronting^.  1-3.  The  Manner  of  making 
it  is  thus:  With  a  lube  they  take  up  a  little  of  the  melted  Mat¬ 
ter  of  Glafs,  and  let  it  drop  thence  red  hot  into  aPail  of  Water, 
by  which  Means  it  receives  its  Form,  and  is  folid  throughout, 
except  that  now  andthen  a  few  Air-Bubbles  may  appeartherein. 

4.  I  his  is  the  A odus  Philofophorum ,  or  that  which  gives  Phi¬ 
lo  fop  hers  the  greateft  Difficulty  and  Anxiety  to  account  for  its 
peculiar  Property,  which  is,  that  the  biggeib  Part  or  Head  of 
the  Tear  A  will  fuftain  the  Stroke  of  an  Hammer  without 
breaking  ,  buyif  the  little  End  or  Tail  B  be  broke,  the  whole 
1  ear  will  fly  into  Duff  at  once,  with  the  greateft  Violence, 
and  cauie  conliderable  Pain  to  the  Fingers  which  break  it. 

?•  Some  particular Circumftances  render  the  Drop  incapable 
of  this  fur  prizing  Property.  As,  (1.)  If  the  Tear  b  z  cooled  inthe 
Air, \t  willnot break.  (2.)  I  hole  whichare  nealed  will  not  break. 
(3.)  Jr  they  areground  away  on  a  Grindflone,  nothing  extraor- 
dinar)  happens.  On  the  contrary,  if  it  be  put  111  to  an  Air-Pump, 
and  there  broke,  the  FfFedt  will  be  lo  great  as  to  produce  Light. 

6.  Some  iuppofe  this  EfFedt  oi  the  Tear  is  produced  by  a fine 
Jir^  which  being  pent  up  in  the  Body  of  the  Tear,  and  fuddenly 
pa  fling  into  the  open  Fores  of  the  broken  Tail,  runs  rapidly  in- 
to  a  thoufand  fmall  Cells,  which  grow  narrower  from  the  Mid¬ 
dle  towards  tiie  Extremities,  which  the  Irruption  of  the  Air 
drives  afunder  violently  by  the  Efficacy  of  its  Spring  and  accele¬ 
rated  Motion.  See  RegnaulPs  Phil.  Converf.Vol.  I.  Conv.  24. 

7.  Dr.  Clarke’s  Opinion  is,  that  Glafs  being  a  fpringy  Sub- 
Lance,  it  is  probable  the  Glafs  Drop  is  broke°  much  after  the 
Lime  Manner  as  a  Steel-bow  fometimes  burfts  in  Pieces,  when 
it  is  loofened  on  a  fudden,  viz.  by  the  too  great  Celerity  and 
foice  Cm  that  Motion,  which  ariies  from  the  mutual  Attradlion 
of  its  Parts.  For  its  Parts  from  the  Centre  to  the  Circumfe¬ 
rence  i Or m  to  be  like  fo  many  Bows  bent.  And  thence  perhaps 
ic  i&y  tnatafter  it  is  burft  to  Pieces,  its  FifTures  are  difpofed 
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B.  By  Experiments  of  the  Air-Pump,  Baro¬ 
meter,  &c.  The  Weight  of  the  Airis  greater, 
the  nearer  it  is  to  the  Earth’s  Surface  :  The 
Mercury ,  by  the  Preffure  Of  the  Air9  is  raifed 
in  the  Barometer  to  the  Height  of  28,  29,  30, 
or  31  Inches;  therefore  fuch  a  Column  of 
Mercury  is  equal  in  Weight  to  a  Column  of 
Air  (of  an  equal  Bails)  which  proceeds  from 
the  Mercury  in  the  Tube  to  the  uppermost 
Par t  of  the  Atmofp here  :  Alio,  b ec a u fe  Mer¬ 
cury  is  about  14  Times  heavier  than  Water, 

like  To  many  Radii  drawn  from  the  Axis  to  the  Superficies,  as 
Mr,  Hooke  observed  in  a  Glals  Drop  covered  over  with  Glue. 
Notes  on  Rohault* s  Phyf.  Part.  I.  Cap.  22.  ad  Art.  52.  See 
Hooke's  Microg.  Obferv.  7.  and  Abundance  in  Sturmius’s  Col¬ 
legium  Curiofum . 

8.  The  Phenomenon  of  the  little  Glafs-Men ,  &c.  amending 
and  defcending  in  a  little  Glafs  Tube  of  Water,  (as  AB,  Fig. 
LVL  on  Plate  XIV.  fronting  p.  179)  at  the  Word  of  Com¬ 
mand,  which  looks  like  a  Piece  of  Conjuration  to  the  Vulgar, 
is  entirely  owing  to  the  Elaiticity  or  Spring  of  die  Air. 

9.  For  thefe  Men  being  blowed  hollow,  are  thereby  rendered 
fpecifically  lighter  than  Water,  and  will  fwim  in  it ;  and  hav¬ 
ing  a  fmall  Hole  in  one  Foot,  and  a  Bladder  being  tied  over 
the  1  opol  the  Tube,  as  C,  if  this  be  preffed  with  the  Fingers, 
the  included  Air  by  its  Spring  will  equally  prefs  the  Water, 
which  will  enter  and  comprefs  the  Air  in  the  Men,  and  there¬ 
by  render  them  heavier  in  any  Degree.  If  they  are  by  this 
Means  brought  to  be  of  equal  Gravity  with  the  Water,  they 
will  abide  in  any  Situation  therein;  if  they  are  rendered  heavier 
by  preffing  the  Bladder  harder j  they  will  defeend;  then  the  Fin¬ 
gers  being  taken  off,  or  the  Preffure  diminilhed,  the  Spring  of 
the  included  compreffed  Air  forces  the  Water  out  of  theMen, 
and  thus  becoming  lighter,  they  afeend  to  the  Top  ;  all  which 
Motions  are  to  be  varied  in  any  Degree  of  Fhiicknefs  or  SPejuuefs 
the  Performer  Ihall  pleafe,  which  renders  it  the  more  furprifing. 

to.  The  Spring  of  the  Air  is  of  a  peculiar  Nature,  for  the 
T  ime  of  its  Exertion  will  not  alter  it,  as  it  does  that  of  Wood  or 
Steel:  For  Mr .  de  Rober<val,  of  the  Royal  Academy  of  Sciences, 
having  let  his  Air-Gun  remain  charged  with  condenfed  Air  fix- 
teen  Years,  found,  on  difeharging  the  Gun,  that  the  Air’s 
el  alii  c  Force  was  not  at  all  abated,  but  produced  the  fame 
Effect  as  at  firlt.  Hi  ft.  de  P  Acad.  1695.  Page  368. 

M  2  therefore 
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therefore  Water  will  rife  in  a  Tube  to  32  or 
33  Feet  in  Height ;  and  therefore  every  Square 
Foot  in  any  Superficies  fuftains  the  Weight  of 
a  Column  of  Water  of  32  or  33  folid  Feet : 
Now  a  Cubic  Foot  of  Water  weighs  about  63 
Pounds,  hence  the  Weight  of  .  Air  on  every 
fuperficial  Square  Foot,  is  above  2000  Pound 


A .  And, 


*  1.  By  the  Gravity  of  the  Air  we  receive  fome  of  the  greateft 
Advantages  of  Life ;  particularly  from  thence  is  deduced  the. 
Invention  and  Conftrudtion  of  the  moft  ufeful  Inftruments,  En¬ 
gines  and  Machines,  ufed  in  all  Kind  of  Fire  and  Water-works. 

2.  From  thence  arifes  the  Ufe  and  Power  of  that  moil  necef- 
fary  Engine  the  Antlia ,  or  Pump,  which  is  faid  to  be  the  In¬ 
dention  of  Ctefehes ,  a  Mathematician  of  Alexandria,  about  120 
Years  before  Chrift.  Of  thefe  there  are  many  Sorts;  the  com¬ 
mon  and  mod  ufeful  one  confifts  of  a  Pipe  AB  (fee  Fig.  LVII. 
on  Plate  XI V,  fronting/.  179)  open  at  both  Ends,  of  which 
the  EndB  isfetin  Water;  toward  the  lower  Part  at  C  is  placed 
a  Clack  or  Valve,  opening  upwards;  in  the  Part  of  the  Tube 
above  works  a  Pifton  ED  juft  as  big  as  the  Bore  of  the  Tube  or 
Pipe,  in  which  alfo  is  a  Valve  opening  upwards;  this  Part  D 
is  called  the  Bucket. 

3.  Now  the  Reafon  ofthe  Pump’s  Performance  is  plain;  for 
when  the  Pifton  is  forced  down,  fo  as  that  the  Bucket  D  may 
touch  the  Frame  of  the  Valve  at  C,  and  Water  be  poured  in  to 
£11  the  upper  Part  from  A  to  C  ;  then  if  the  Pifton  be  raifed 
from  C  to  D,  it  will  lift  up  a  Column  of  Water  equal  to  the 
Part  of  the  Pipe  between  C  and  D,  which  therefore  muft  run 
out  at  the  Spout  of  the  Ciftern  at  A. 

4.  Alfo  at  the  fame  Time  there  is  a  Vacuum  made  between  C 
and  D,  which  is  immediately  filled  by  the  Water  ruftring  through 
the  Hole  at  C,  by  the  Force  of thePreffure  ofthe  Atmofphereon 
the  Superficies  thereof  without  the  Pipe.  The  Pifton  being 
again  thruft  down,  the  Water  between  C  and  D  goes  through 
the  Hole  of  its  Bucket,  and  clofing  the  Valve  with  its  Weight, 
is  raifed  into  the  Ciftern  where  the  Pifton  is  drawn  upwards, 
and  there  runs  out  as  before,  and  thus  the  Aftion  of  the  Pump 
may  be  continued  in  raifing  Water  as  long  as  you  pleafe. 

5.  On  the  Gra-vity  and  Elafticity  of  the  Air  together,  depends 
the  Theory  of  the  Fire-Engine  in  common  Ufe.  But  this  has 
been  improved  to  produce  a  continual  Stream  in  the  Manner 
as  represented  in  Fig.  LVUI.  on  Plate  XIV,  fronting  p.  179, 
which  I  fhall  here  defcribe.  AB  is  the  Frame  or  Body  ofthe  En¬ 
gine  ;  CC  is  a  ftrong  metal  Vefiel,  which  is  elofe  on  the  Top, 
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A .  And,  pray,  what  do  you  infer  from 
thence  ? 

B.  Why  thence  it  appears,  that  if  we  allow 
the  whole  Surface  of  a  Man’s  Body  (of  fix  Feet 
Stature)  to  be  about  14  fquare  Feet,  then  the 

Weight 

bat  communicates  with  two  forcing  Pumps,  or  Barrels  D  and 
E,  at  the  lower  Part ;  whofe  Piftons  are  worked  with  a  com¬ 
mon  double  Lever  FG  moving  to  the  Centre  H  ;  the  Engine 
is  filled  with  Water  ftrained  through  the  Grate  NN,  which  by 
the  Preflure  of  the  Atmofphere  is  forced  into  the  Barrel  D  and 
E,  when  the  Piftons  are  raifed  up,  and  a  Vacuum  thereby  made 
in  them  in  working  the  Engine. 

6.  In  the  prefent  Figure,  the  Sucker  in  the  Barrel  D  if  drawn 
up,  and  the  Water  rulhing  in  through  the  Valve  at  K,  while  m 
the  other  Barrel  E,  the  Pifton  is  forced  down,  and  the  Water 
forced  through  a  fmall  Pafiage  againft  a  Valve  L,  which 
opens  and  gives  it  Admittance  into  the  large  Veflel  CC. 

7.  The  Water  being  thus  forced  into  the  faid  Veflel  continu¬ 
ally  by  the  alternate  A&ionof  the  Piftons,  does  violently  com- 
prefs  the  Air  in  the  upper  Part  of  the  Veflel  at  O,  which  by 
its  Spring  re-a&s  on  the  Surface  of  the  contained  Water,  and 
forces  it  to  afcend  the  Orifice  of  a  fmall  Tube  P  fixed  to  the 
Side  of  the  Veflel ;  the  upper  End  of  this  Tube  communicates 
with  a  Ion gleat hern  Pipe  QjifHxed  thereto  at  O,  through  the  Top 
of  which,  at  R,  the  Water  fpouts  with  great  Force  in  a,  continual 
Streamy  which  is  dire&ed  by  a  Perfon  at  S,  to  the  Fire,  or  any 
other  Place,  as  Occafion  requires.  All  which  is  plain  in  the 
Figurewhich  I  have  taken  from  Mr.  Clare7 s  Plate  III.  in  his 
Motion  of  Fluids ;  though  I  have  feen  a  much  better  Con- 
flruflion  of  this  Engine  by  an  Artificer  in  this  City  ;  and  wifh 
I  had  a  Draught  of  that  to  prefent  inftead  of  this. 

8.  On  this  Principle  it  is,  that  the  Mercury  or  Quickfilverrifes 
to  the  Height  of  near  31  Inches  in  the  Barometer ;  forthePref- 
fure  of  the  Atmofphere  forces  fo  much  Quickfilver  into  the  Va¬ 
cuum  of  the  T ube  as  will  counterbalance  its  Power,  as  is  evident 
from  the  Confirmation  of  this  Inftrument  in  Note  t  in  Page  23. 

9.  The  Syphon  or  Crane  has  from  hence  alfo  its  Ufe  ;  fee  Pig, 
LIX.  on  PlateXlV ,  fronting p,  179.  For  the  End  A  being 
immerfed  in  a  Veflel  of  Water,  if  the  Air  be  exhaufted  from 
the  Syphon  at  the  Pipe  D,  the  Water  in  the  Veflel,  by  the  Pref- 
fure  of  the  Air  on  its  Surface,  will  inftantly  rife  and  fill  the  Ca¬ 
vity  of  the  Syphon  :  Now  if  the  other  End  of  the  Syphon  were 
xt  G  in  an  horizontal  Level  with  the  End  A,  then  the  Preflure 
of  the  Air  on  each  End  would  be  equal,  and  confequently  the 
Water  would  be  fuftained  in  the  Tube  without  running  out  at  C. 

M  3  10.  But 
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Weight  of  Air  preiiiog  on  the  Body  of  fuch  a 
Man  is  equal  to  28900  Pounds*  or  250  Hun- 
d  red  Weight;  that  is,  12  Ton  and  a  Half :  A  Kb, 
lince  the  Number  of  fquare  Miles  on  the 
Earth's  Superficies  is  computed  199250205, 
and  in  one  fquare  Mile  are  27878400 
fquare  Peep  the  fquare  Feet  on  the 
Earth’s  Superficies  will  he  fomewhat  above 
5547800000000000;  whence  the  Weight  of 


10.  Rut  fince  the  Part  BE  is  longer  than  the  Part  BA  by  the 
Length  CE,  and  the  Cylinder  of  Water  CE  being  far  more 
heavy  than  the  fame  Cylinder  pf  Air,  it  is  plain  the  Prefiure  of 
the  Air,  or  its  Effebi  at  the  Point  C,  is  thereby  very  much 
weakened  and  abated,  and  therefore  the  Equilibrium  in  the 
Point  B  being  thus  dellroyed,  the  Water  will  run  over  and  how 
towards  £. 

1 1.  By  the  Preffiire  cf  the  Air'll  is  that  Water  in  Refervoirs 
is  forced  to  enter  the  Conduit  Pipes,  and  is  thereby  carried  to 
any  Conduit,  Houle,  or  other  Place,  below  the  horizontal  Le¬ 
vel  of  the  Surface  of  the  Water  in  the  Refervoir  or  Fountain, 
be  the  Diflance  what  it  will. 

1 2.  The  Fire  rarefying  and  attenuating  the  Air  in  the  Chim- 
nies,  caufes  it  toafcend  the  Funnel,  while  the  Air  in  the  Room, 
by  the  Preffnre  of  the  Atmofpbete ,  is  forced  to  fupply  the  Va¬ 
cancy,  rumes  into  the  Chimney 'in  a  coniiant  Torrent,  excites 
the  Fire  to  burn  with  great  Vehemence  in  Stoves,  and  buoys 
up  the  Smoke  aloft  in  the  fuperior  Air. 

13.  Nor  does  that  common  Utenfii,  the  Bellows,  a£t  on  any 
other  Principle  than  the  Preffure  of  the  Air  ;  for  the  upper  Part 
being  lifted  up,  raifes  the  Column  of  Air  off  the  bottom  Part, 
and  thus  making  a  Vacuum  within,  the  Air  rufhes  In  through 
the  Hole  in  the  lower  Part,  and  being  compreffed  by  forcing 
down  the  upper,  it  fhuts  clofe  the  Valve  within,  is  protruded 
with  great  Force  and  Violence  through  the  Pipe  or  Nofe  of 
the  Bellows.  See  a  Calculation  of  this  Kind  in  Mr.  Hales's 
Statical  Effays,  Vo'l.  11.  Page  329,  330. 

34.  The  lad  EfFebt  of  the  Airs  Gravity  I  dial!  here  mention, is 
the  moll  important  of  all,  as  being  the  immediate  Inftrument  of 
Life,  I  mean  the  A£ls  of  Infpiration  and  Expirationm  Animals; 
forin  the  Dilatation  ofth  zTborax,  the  Air  by  the  Preffure  of  the 
Atmofphere  is  forced  into  the  Cavity  of  the  Lungs,  which 
we'  are  then  faid  to  breathe  in,  or  infpire;  but  when  the  Mufcles 
contract,  the  Airis  expelled,  and  we  are  then  faid  Inbreathe  it 
out,  or  expire  it.  And  this  alternate  A  btion  of  the  Lungs  is  main¬ 
tained  by  the  Air's  Preffure,  and  is  abfolutely  neceffary  to  Life. 
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the  whole  Atmofphere ,  or  its  Preflu  re  on  the 
Superficies  of  the  whole  Earth  is  more  than 
11095600000000000000  Pounds,  or  much 
about  5000000000000000  Tons;  that  is, 
the  Atmofphere  comprefleth  the  Earth  with  a 
Force,  or  Power,  nearly  equal  to  that  of  Five 
thoufand  Millions  oj  Millions  of  Tons.  * 

A*  This  is  extremely  wonderful!  But,  pray, 
how  happens  it  that  Man,  Beafts,  Houfes, 
&c.  are  not  crufhed  to  Pieces,  if  they  are  pref- 
fed  with  fuch  an  intolerable  Weight  of  Air? 

B.  By  the  Equilibrium  of  the  internal  Air, 
or  the  Air  within  all  Bodies;  which  though 
it  be  imall,  and  not  worth  naming,  yet  can 
balance,  refifl,  and  equiponderate  the  Force  of 
the  external  Air,  (as  is  proved  by  various  Ex¬ 
periments)  how  great  a  Quantity  foever  it  be  : 
The  Experiments  of  the  Air-Pump  which 
confirm  this  are  very  furprifing. 

A.  T  think.  Sir,  all  you  have  faici  of  the 
Weight  and  Gravity  of  the  Atmofphere,  or 
Air,  is  full  of  Aftonifbment ;  can  you  tell 
any  Thing  of  the  Height  of  it  ? 

B.  Nothing  certainly  can  bedetermined  about 
that,  becaufe  the  higher  you  go,  the  rarer  the 
Air  is;  and  there  being  no  certain  Means  to 
determine  in  what  Proportion  the  Air  becomes 
rarer  and  rarer  through  the  whole  Extent  there¬ 
of,  there  can  of  Courfe  be  no  precile  Account 
of  its  Altitude :  However,  they  compute  the 
Air  at  the  Height  of  42  Miles,  to  be  4096 
Times  more  rare,  or  thin,  than  with  us  ;  and 
this  being  next  to  nothing,  the  Height  of  the 
Air  may  be  reckoned  about  40,  or  45  Miles, 

M  4  A  greeably 
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Agreeably  hereto,  Dr.  Keill  hath  calculated 
its  Height  to  be  44  Miles  by  an  Obfervation 
of  the  Twilight  *■. 

A.  Pray  what  other  very  remarkable  Pro¬ 
perties  hath  the  Air  ? 

B .  It  is  not  only  the  Means,  but  as  it  were 
the  Matter  of  Life  it f elf ,  and  therefore  abfo- 
lately  neceffary. 

A .  How  do  you  drew  it  to  be  the  Means 
of  Life  ? 

B .  By  putting  certain  Animals  into  the  ex- 
haufted  Receiver  ;  where  it  isfurprifing  to  fee 
the  Efifedts  of  withdrawing  the  Air  by  the 
Pump  on  the  Bodies  of  thofe  Creatures:  You 
will  thus  fee  Dogs ,  Cats,  Rats ,  Mice ,  &c.  turn 
up  and  expire  in  half  a  Minute,  and  look  ex¬ 
tremely  thin  and  meagre :  A  Mole  dieth  in  one 
Minute:  InfeSls ,  as  JVafps ,  Bees ,  Hornets , 
Grajhoppers ,  &c.  in  two  Minutes  feem  dead* 
and  will  continue  a  whole  Day  and  Night 
without  Air,  and  afterwards  revive  in  open 
Air  :  Earwigs ,  Beetles ,  Snails ,  &c.  endure 
the  Air-Pump  prodigioufiy 3  and  Frogs  will 
longer  preferve  their  Lives  in  Vacuo ,  than 
‘Toads ;  yea,  thofe  invifible  Animalcules  in 
Pepper-water,  will  revive  in  the  open  Air, 
after  having  lain  24  Hours  in  Vacuo  f. 

A,  Itmuft  be  curious,  indeed,  to  fee  thofe 
artificial  Deaths  and  Refurrecfcions  in  mute 

*  See  his  Aflronom.  Left.  Page  235,  236. 

-f  See  Mr.  Derhanfs  Phyfico-Theology ,  Book  T.  Chap.  I.  in 
the  Notes.  Mr.  Davenport*  s  Defcription  of  his  Table  Air-Pump, 
Mr.  Ha'wkjbee's,  Gra<vefande\ ,  81c.  Experiments.  Sturmius* s 
Collegium  Cur i of um.  Stairii  Phyjiol.  Exper,  Explor.  14.  Seft.  11, 
12,  13,  14,  &c. 

Animals ! 
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Animals  !  But  how  do  you  underftand  Air  to 
be  the  Afatter  of  Life  ? 

ii.  It  is  certain  Air  is  impregnated  with  a 
vivifying  Spirit,  or  Matter,  which  is  imme¬ 
diately  neceflary  to  Life ;  and  that  this  vivify- 
tng  Spirit  is  inflammable ,  or  proper  to  feed 
I  ire,  and  capable  of  being  burnt  or  confumed 
thereby  ,  for  it  is  known  by  Experiment,  that 
no  Creature  will  live,  nor  a  Candle  burn,  in 
Air  which  hath  paffed  through  the  Fire,  and 
may  be  called  adufl ,  ox  burnt  Air. 

A .  Is  the  dir  alio  of  Service  to  Vegetables 
and  Plants  ? 

B .  Yes,  in  as  much  as  there  is  a  manifefl 
Refpiration  in  Plants  and  Trees,  on  which  their 
vegetable  Life  depends,  and  is  preferved;  this 
is  known  by  numberlefs  Experiments 

A.  fiath  not  Air  an  Effedt  on  Bodies  which 
tends  to  diflolve  them  ? 

B.  \  es,  the  Air  hath  the  Faculty  of  ail Ten- 
ftruum ,  or  a  Power  of  diflblving  Bodies :  It  will 
reduce  Cryftal-Glaffes  to  a  Powder  in  Time; 
fo  divers  Minerals,  Earths, Stones,  FoffiL  Shell  s. 
Wood,  &c.  which,  perhaps  from  Noah's  Flood, 
have  lain  under  Ground  fecure  from  Corrup¬ 
tion  ;  yet,  being  expofed  to  the  corrolive  Qua¬ 
lity  of  the  Air ,  have  foon  mouldered  away  $  fo 
Iron,  Steel,  Copper,  &c.  may  be  foon  dilTolved 
into  a  Ruft,  &c.  But  fuch  things  are  too 
common  to  be  iniifted  on,  or  to  want  Proof. 


*  See  Mr  Hales's  Vegetable  Statics  throughout.  Jkrelli  de 
Mot.  Animal*  Mr.  Millar's,  Gardener’s  Dictionary  Folio  Dr 
Grew’s  Anatomy  of  Plants.  Joan.  Clerici  Phyf.  Lib.  IV.  Cap! 

the  Title  £i^graeni0f  M^ypkilolos.mrary,  under 


A.  I 
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A.  I  have  heard  you  make  out  already  how 
Air  is  the  Means  of  Sound-,  but,  pray,  what 
Advantages  of  Light  and  Vifion  accrue  thereby? 

B.  Very  great  (perhaps  greater  than  you 
may  be  yet  apprifed  of)  are  the  Benefits  and 
Advantages  of  the  circumambient  Air  in  thefe 
Regards :  Fotjirfl  were  it  not  for  the  Rarefac¬ 
tion  of  the  Atmofpbe're,  the  Heavens  by  Day 
would  have  the  Appearance  of  Night;  the 
Stars,  even  the  fmaileft,  would  appear  and 
twinkle;  the  Sun  indeed  would  appear  a  great 
Light  in  that  Part  of  the  dark  Firmament 
where  it  was;  but  mould  a  Spectator  turn 
his  Back  to  him,  he  would  fee  all  Night,  and 
Darknefs furround  him  at  Noon-tide.  Secondly, 
The  Sun  at  riling  and  letting  would  have  the 
fame  Brightnefs  and  Luftre  as  at  Noon-day, 
and  fo  would  be  hurtful  to  our  Eyes.  Thirdly, 
As  foon  as  the  Sun  defcended  the  Horizon, 
we  fhould  be  in  total  Darknefs,  and  a  cloudy 
Night  would  then  prefentus  with  the  blackeft 
Darknefs  pofiibie.  Fourthly,  As  we  ihouid 
have  no  Twilight  by  Night,  nor  fhining  Luftre 
of  the  Firmament  by  Day,  lb  we  Ihouid  want 
that  Advantage  we  now  enjoy,  of  not  only 
being  bleffed  with  the  Light  of  the  Sun  when 
abfent,  but  even  of  the  a&ual  Appearance 
of  the  Body  of  the  Sun  himfelf,  each  Day, 
before  he  rifeth,  and  alter  he  letteth. 

A.  What,  I  befeech  you.  Sir,  do  you  fup- 
pofe  we  can  fee  the  Sun  when  he  is  really  un¬ 
der  the  Horizon? 

B.  Yes,  we  do,  for  the  Space  of  fome  Mi¬ 
nutes  each  Day. 

A.  Pray, 
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A.  Pray,  Sir ,  if  poffible,  let  me  underhand 
how  this  can  he  by  a  Scheme? 

B .  I  will,  and  you  may  very  eafily  appre¬ 
hend  the  Truth  of  this  'Aflertion  (though 
ft  range)  from  thence,  provided  you  remember 
what  I  laid  of  the  Refle&ion  and  Refraction 
of  Light,  when  we  difcourfed  on  that  SubjeCt. 

A .  Ido  rememberit  very  well;  pray  proceed, 

B ,  Then  pleafe  to  caft  your  Eyes  on  Fig* 
XXVI.  on  Plate  XV,  fronting^.  187,  which 
reprelents  the  Earth  furrounded  by  its  Atmo - 
fphere  :  Now  let  HO  be  the  Horizon  of  a  Per- 
fon  at  P,  S  is  the  Sun  really  under  the  Hori¬ 
zon,  from  which  a  Ray  of  Light  SI  proceeds, 
and  falls  on  the  upper  Part  of  the  Atmofphere 
at  I ;  this  Ray,  by  the  thicker  Medium  of  the 
Air,  is  bent  from  its  direCt  Courfe  to  D,  into 
the  oblique  one  IP,  and  fo  ftriketh  the  Spec¬ 
tator’s  Eye ;  the  Spectator  then  will  fee  the 
Sun  in  the  Direction  of  this  refraCted  Ray  PI, 
viz .  at  R,  which  is  above  the  Horizon  :  And 
thus  at  fome  Times  of  the  Year,  we  fee  the 
Sunabove  the  Horizon  near  ioMinutes,  whilft 
it  is  really  below  it  on  one  Day  taking  the 
Morning  and  Evening  together;  at  a  Medium 
it  is  6T  each  Day  throughout  the  Year,  which 
is  as  good  as  equinoctial  Days  in  one 
Year;  which  is  almoft  a  whole  Year’s  Sun- 
Chine  in  a  Century  more  than  we  could  other- 
wife  have  had. 

A .  Sir,  I  perceive  it  very  plainly,  and  give 
you  abundance  of  Thanks  *. 

C  H  A  P. 

*  See  large Difcourles  on  this  copious  Subject  in  Boerhaa<ve\ 
ChymiHry,  Part'I. Page 277  to  304';  with  Dr.  Shaw'  s  Note® 

thereon. 


1 88  the  Philosophical  Grammar. 

CHAP.  II. 

Anemograpay,  or  the  Philosophy  of  the 

Winds. 

-d.  TFT  OW  do  you  derive  the  Word 
JLjL  Anemography  ? 

Be  From  the  two  Greek  Words  £v^og. 
Windy  and  ypot,(p>i9  a  Description ;  it  therefore 
iignifies  a  philofophical  Defcrifition  of  Winds 
in  general. 

A,  What  is  the  Wind? 

B .  W md  is  nothing  but  a  Stream  or  Tor¬ 
rent  of  Air,  as  a  River  is  a  Stream  or  Torrent 
of  Water. 

A .  What  Diftindtion  do  the  Philofophers 
make  of  Wind  ? 

B.  My  Lord  Bacon  diftinguilhed  Winds 
into  four  Kinds,  viz. 

i .  General  Winds ,  which  always  blow  from 
the  fame  Quarter. 

thereon.  Mr.  Clare's  Motion  of  Fluids.  Newton.  Prhicipia  Ma- 
them.  Phil.  Naturalis,pa£im.  J.  Rohaulti  P^v/Part.  III.  Cap. 2. 
cum  Annot.  Dm  Clarkii  annexis .  J.  Clerici  Phyf.  Part.  III.  Cap.  1 . 
Stairii  Phyf.  Exper.  Explor.  19.  Cafp.  Bartboloni  Specimen  Phi¬ 
lo/.  Nat,  Cap.  12.  Mr.  Boyle’s  Memoirs  for  a  genera!  Hiltory  of 
the  Air.  Mariotte  de  la  Nature  de  V Air.  Regnault's  Phil.  Conv. 
Vol.  I.  Con.  2,  22,  23,  &.  ’Mujjchenhroeli  s  Epitome,  Part  II. 
Cap.  22.  Gravefande' s,  Defaguiiers3 s,  HawkJbee'sfVorfter' s,&c. 
Cpurfes  of  Experimental  Philofoph.  Cheney's  Princip.  of  Philof\ 
Parti.  Cap.  5.  Sed.  28.  Relig.  Philofopher,Vol.  1.  Contemp. 
17.  Mr.  Derham' s  Phyjico -Theology, Book I.  Cap.  1. Dr.  Hales’s 
Vegetable  Statics  and  Haemaftatics.  Mr.  Millar's  Gardener’s 
Didionary,  Folio.  Chambers' s  Didionary,  and  Harris's  Lexi* 
con.,  under  the  W ords  Air  and  Atmofphere ;  and  agreat  Number 
of  other  Authors  quoted  and  referred  to  in  Mr.  Johnfon's  Phi- 
lof.  Queftions,  from  Page  84  to  92 ;  and  the  Philof.Tranfadions. 

2.  Stated 
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2.  Stated  Winds ,  which  blow  only  certain 
Seafons  from  the  fame  Point. 

3.  Servile  Winds ,  which  regard  the  Region, 
Time,  Seafon,  &c. 

4.  Liberal  Winds ,  which  blow  indifferently 
any  where,  or  any  how. 

But  this  is  not  fo  natural  as  the  following 
Divifion  of  Winds ,  viz. 

1.  General ,  or  coafting  Trade  Winds . 

2.  Periodical ,  or  fhifting  Trade  Winds , 
called  Monfoons . 

3.  Common ,  or  cafual  Winds,  the  fame  as 
the  foregoing  liberal  Winds . 

-^.What  are  the  different  Qualities  of  Wind? 

B .  They  differ  (faith  my  Lord  Bacon )  not 
much  more  in  the  Points  from  which  they 
blow,  than  in  the  Qualities  with  which  they 
are  diverfified ;  for  fome  are  violent,  others 
gentle ;  fome  are  cold,  others  hot  ;  fome  are 
conflant,  others  mutable  ;  fome  moiften  and 
diflblve,  others  dry  and  thicken  ;  fome  gather 
rain,  others  are  tempeftuous  and  difpel  it;  and 
others  are  ferene  and  fmooth. 

A.  Pray,  what  are  the  Caufes  of  Wind  ? 

B.  Any  Thing  that  can  deftroy  the  Equili¬ 
brium  of  the  Air,  and  by  a&ing  on  fome  Part 
with  a  greater  Force,  putting  it  into  an  Agi¬ 
tation,  produceth  fuch  a  Stream  or  Current 
of  Air,  as  we  call  Wind . 

A.  This  is  fo  very  general  an  Account,  as 
gives  me  but  a  little  more  Notion  of  the  Thing 
than  I  had  before. 


B .  In 
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B»  In  all  Cafes  we  cannot  be  acquainted 
with  Particulars ;  however,  it  is  pretty  certain 
that  divers  Things,  as  Eruptions  of  Vapours 
from  Sea  or  Land,  Rarefaflions  and  Conden¬ 
sations  in  particular  Places,  the  Fall  of  Rains, 
Preffure  of  Clouds,  &c\  may  alter  the  Equi- 
poife,  or  Balance  of  the  Atmofphere ,  and  there¬ 
by  caufe  Winds  more  or  lefs :  Befides,  feveral 
Caves,  and  feme  great  Lakes,  emit  or  fend 
forth  Wtnds ;  but  the  mod  general  Caufes  of 
Wind  are  Heat  and  Cold ,  as  is  manifeft  from 
the  general and  periodical  Trade  Winds  between 
the  Tropics,  and  thereabouts. 

A.  Pray,  what  are  thofe  Winds  you  call  ge¬ 
neral  Trade  Winds  ? 

IL  Such  as  blow  conftantly  all  the  Year  long 
from  one  Quarter  ;  as  from  the  N.  E.  or  about 
the  North-Eajl ,  on  the  North-Side  of  the 
Equator  to  30  Degrees  Latitude ;  and  from  the 
S.  E.  or  about  the  South- Eaft ,  on  the  South- 
Side  of  the  Equator  to  about  Degrees  La¬ 
titude  in  the  Atlantic  Ocean,  Ethiopian  Sea, 
the  Indian  Ocean,  and  great  South-Sea  :  Thefe 
Winds ,  for  your  better  conceiving  them,  I 
have  reprefented  in  the  Map  adjoined,  by 
dark  Lines  in  the  aforefaid  Atlantic ,  Ethiopia , 
and  Indian  Seas ;  in  which  you  will  fee  divers 
Arrows  fhewing  the  Courfe  of  thofe  Winds. 

A.  This,  Sir,  is  very  helpful,  and  maketh 
the  Thing  eafier  than  your  very  Words  can. 
do  :  But  doth  the  Wind  blow  conftantly  in 
thofe  various  Courfes  and  Directions,  (hewn 
by  the  Arrows,  within  afmall  Diftance  of  the 
Coafts  of  Africa  Wef  weird  ? 

B.  Yes , 
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_  B.  Yes ;  they  are  called  the  general  coaliing 
Trade  Winds,  and  always  blow  on  the  Points 
the  Arrows  (hew. 

A.  But  what  is  the  Meaning  that  I  fee  in 
the  Map  feveral  Arrows  in  clear  void  Spaces, 
fome  pointing  one  Way,  and  others  the  con¬ 
trary  quite,  with  the  Names  of  the  Months 
abbreviated  fixed  to  them  ? 

B.  I  will  inform  you  :  It  is  in  the  Arabian 
Sea,  the  bay  of  Bengal,  the  ChineJ'e  Seas,  by 
the  Eajlern  Coafts  of  Afric,  and  to  jo  De¬ 
grees  of  South  Latitude  in  the  Indian  Ocean, 
that  you  find  thete  contrary  Arrows  ;  and  in 
thofe  Parts  you  mull:  know  the  Wind  blows 
one  half  of  the  Year  one  Way,  and  the  other 
Half  the  contrary  Way  ;  Thefe  are  called  the 
periodical  or  Jhif ting  Trade  Winds,  which  the 
Sailors  call  the  Moifoons. 

A.  Then,  I  fuppofe,  as  the  Arrows  in  thofe 
feveial  Places  (hew  me  various  Courles  of  the 
Monfoons ,  fo  their  Times  of  (Lifting  or  chang¬ 
ing  their  Points,  are  denoted  by  the  Names 
of  the  Months  affixed  thereto. 

.\es’  they  are>  and  therefore  all  thofe, 
who  laii  in  thele  Seas,  are  obliged  to  obferve 
the  Seatons  proper  tor  their  Voyages,  and  in 
fo  doing  they  fail  not  of  a  fair  Wind,  and 
fpeedy  Paffage. 

A.  How  do  yon  account  for  fome  Winds 
blowing  always  one  Way,  and  others  on  con¬ 
trary  Points,  in  equal  Periods  of  Time  ? 

,  1  he  mod  fagacious  Dr.  Halley  (the  Au- 

tnor  of  all  the  prefent  Philofophy  of  Wind) 
gives  this  Account  thereof,  viz.  That,  accord¬ 
ing 
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ing  to  the  Laws  of  Statics ,  the  Air  which  is 
left  rarefied  and  expanded  by  Heat  of  the  Sun's 
Beams*  and  confequently  more  ponderous, mud 
have  a  Motion  towards  thole  Parts  thereof, 
which  are  more,  rarefied,  and  lefs  ponderous, 
to  bring  it  to  an  Equilibrium,  or  Balance,  And, 
2.  That  the  Prefence  of  the  Sun  continually 
fhif’ting  to  the  Wejlward,  that  Part  towards 
which 'the  Air  tends,  by  Reafon  of  the  Rare- 
fa&ion  made  by  his  greateft  meridian  Heat,  is 
withhim  carried  Wejlward-,  and,  confequently, 
the  Tendency  of  the  whole  Body  of  the  lower 
Airis  that  Way:  And  thus  a  general  Eaji-Wind 
is  formed  in  the  Atlantic  and  great  South- Sea, 
perpetually  blowing  Wejlward. 

A .  But,  I  obferve,  by  the  Arrows,  thofe 
Winds  decline  from  the  Eajl,  Northward,  on 
the  North  of  the  Equator,  and  Southward ,  on 
the  South-Side:  Pray  how  happens  that  ? 

B .  Becaufe  near  the  Line,  the  Air  is  much, 
more  rarefied  than  at  a  greater  Diftance  from 
it  Northward  and  Southward ;  wherefore  the 
Air  being  towards  thofe  diftant  Parts  lefs  rare¬ 
fied  than  in  the  Middle,  will  confequently 
tend  from  the  North  and  South  to  the  Equa¬ 
tor,  and  fo  become  N.  E.  and  S,  E.  Winds . 

A .  But  why  are  not  thofe  Winds  as  univer- 
fal  in  the  Arabian,  Indian,  and  Chinefe  Seas, 
and  other  Parts  between  the  "Tropics ,  which 
have  the  fame  Situation  to  the  Sun,  as  the  At¬ 
lantic,  Ethiopic,  or  great  South  Ocean  ? 

JL  The  Reafon  hereof  is,  undoubtedly,  ow¬ 
ing  to  their  being  furrounded  by  fuch  great 
Continents,  which  break  the  Continuity  of  the 
r  Oceans ; 
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Oceans;  and  from  the  Nature  of  their  Soil,  and 
the  Petition  of  high  Mountains,  produce  thofd 
feveral  Variations  of  the  Wind  in  thofe  Places  : 

Thus,  the  Winds  fet  in  upon  the  Land,  even  # 

from  Wefward ,  on  fome  Parts  of  Guinea ;  be- 
caufe  the  Soil  being  fandy,  reflects  prodigious 
Heat,  which  greatly  rarefies  the  Air,  and  mak- 
eth  the  more  cold,  and  denfe,  tend '  thitbfbr 
from  the  Wejlern  Sea  to  reftore  the  Equilibrium . 

A.  And*  pray,  how  is  the  fudden  Change  of 
the  Wind  to  oppofite  Points*  accounted  for  in 
the  periodical  Winds ,  called  the  Monfoons  t 

B.  Thus  :  The  cold  and  deafe  Air,  by  Rea- 
fon  of  its  greater  Gravity,  preft?s  upon  the  hot 
and  rarefied  ;  and  therefore  the  rarefiedAir  muft 
afeend  in  continued  Streams  as  faft  as  it  ratifies, 
and  being  afeended,  it  muftdifperfe  itfelf  to  pre~ 
ferve  the  Equilibrium  ;  and  thus,  by  a  contrary 
Current,  the  upper  Air  muft  move  from  thofe 
Parts  where  the  greateft  Pleat  is,  and  fo,  by  a 
Kind  of  Circulation,  the  N.  E„  Trade  Wind  be¬ 
low  will  be  attended  with  a  S.W.  Wind  above, 
and  the  S.  E.  with  a  N.  W.  above.  Now  becaufe 
the  Air  coming  out  of  theN.E.  over  vaft  Conti¬ 
nents  of  Land  (which,  when  the  Sun  \$ North¬ 
ward,  are  intolerably  hot  5  but  more  cold  and 
temperate,  when  the  Sun  is  at  the  Southerner 0 - 
pic)  into  the  Indian  Sea,  is  fometimes -hotter* 
and  fometimes  colder,  than  that  whereby  this 
Circulation  is  returned  out  of  the  S.W.  by  Con- 
fequence,  the  under  Current  of  Air  is  one  while 
from  the  N.E.  and  another  while  from  theS.  W. 

A .  Do  not  the  Seafons  help  to  determine 
fomewhat  of  this  Matter,  in  which  thofe  Chan¬ 
ges  happen  ?  N  B .  Yes* 
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B.  Yes,  they  plainly  confirm  what  I  have  be¬ 
fore  faid ;  for  in  April,  when  the  Sun  begins  to 
warm  thofe  Countries  to  the  Norths  the  S.W. 
Monfoons  begin,  and  blow  during  the  Heat  till 
OBober  when  the  Sun  being  retired,  and  all 
Things  growing  cooler  Northward ,  and  th© 
Heat  increafing  to  the  South ,  the  N.  E.  Winds 
enter,  and  blow  till  April  again :  But  yet,  why 
the  Monfoons  change  here,  and  not  in  the 
Ethiopic  Ocean  ;  and  alfo  why  the  Limits  of 
the  Trade  Winds  are  fixed  to  about  30  Degrees 
of  N.  and  S.  Latitude,  is  not  fo  well  to  be  ac¬ 
counted  for;  and  therefore  muft  be  left,  with 
feveral  other  Intricacies  of  this  Nature,  to  the 
Difquifition  and  Difcovery  of  fucceeding  Ages. 

A .  Well,  fo  much  then  for  general  and 
periodical  Trade  Winds ;  have  you  any  Thing 
farther  to  obferve  of  the  common  and  variable 
Winds ,  incident  to  all  Points  and  Places  ? 

B.  Yes,  a  few  Things  touching  their  Qua¬ 
lities,  Velocities,  and  Extent  or  Limits. 

A .  What  do  you  obferve  of  their  Qualities  ? 

B.  That  thofe  Winds  are  dry  and  cold,  which 
contain  the  lead  Quantities  of  Vapours ;  thofe 
Winds  gather  and  generate  Clouds,  which  carry 
with  them  great  Quantities  of  Vapours ;  thofe 
Winds  are  hot,  which  blow  from  off  hot  Re¬ 
gions  ;  and  cold,  which  blow  from  cold  ones  $ 
thofe  are  the  moft  violent,  which  are  agitated 
by  the  greateft  Force  *  and  the  contrary  *. 

A .  And 

*  See  much  more  on  this  Subject  in  Dr.  Halley's  Hiflorical 
Account  of  the  Trade  Winds  and  Monfoons  in  Philof.Tranfaft. 
NQ  183.  Lord  Bacons  Hiftory  of  the  Wind*  Bohan's  Difcourfe 

the  Origin  and  Properties  of  the  Wind,  Clare' s  Motion  of 

Fluids 
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A.  And,  pray,  what  is  difcovered  of  the 
Velocity  of  Wind ? 

B.  It  is  found  by  Experience,  that  the  Ve¬ 
locity  of  Wind,  in  a  great  Storm,  is  not  more 
than  50  or  60  Miles  an  Hour  ;  and  that  a 
common  brifk  Wind  moves  15  Miles  an  Hour ; 
and  fome  are  fo  How  as  not  to  move  one  Mile 
an  Hour. 

A.  In  the  laft  Place,  what  do  you  obferve 
of  the  Extent,  or  Limits,  of  the  Wind ? ' 

B.  That  it  is  very  uncertain,  and  little 
known,  unlefs  of  the  aforefaid  Trade  Winds  : 
The  mod  we  know  of  common  Winds  in  their 
Ufe,  is  in  cooling  and  cleaning  the  Air  from  all 
poilonous  Contagions,  and  peftilential  Exhala¬ 
tions  ;  and  thereby  keeping  it  always  plea-fan  t, 
pure,  and  healthful  ;  whence  appear  their  ah- 
folute  Necefiity  to  animal  Life,  and  Conferva- 
tion  of  the  Univ'erfe., 

C  H  A  P.  IIL 

Meteor 0 g raphy,  or  the  Philosophy 
of  Meteors  in  general,  viz.  .Vapours, 
Fogs,  Mists,  Clouds,  Rain,  Hail, 
Snow,  Frost,  Ice,  Thunder,  Light¬ 
ning,  Ignis  Fatuus,  or  Jack  in  a 
Lanthorn,  Flying  Dragons,  and 
fuch  like . 

A. T  Pleafe  myfelf  with  the  Thoughts  of  con- 
JL  verfmg  on  Subjeds,  now  very  pleafant, 

Pluids,  Page  237  to  240,  and  248  to  265.  Rownings  Comp. 
Syftem,  Part  II.  DifTert.  5.  And  almoft  all  the  Authors  re¬ 
ferred  to  in  the  laft  Note. 
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and  curious,  fuch  as  what  you  call  the  Do&rine 
of  Mete orography ;  but  before  we  proceed,  pray 
let  me  know  what  is  the  true  and  proper  Mean¬ 
ing  of  the  Word  Meteor  ? 

B.  The  Greek  Word  /xeUwgov,  Meteor  on,  is 
compofed  of  pela,  beyond ,  and  cteigoo,  to  lift  up 
aloft  i  and  therefore  a  Meteor  implies  that 
which  is  elevated  aloft  beyond  us  in  the  Air, 
as  Clouds ,  Lightning ,  &c. 

A.  How  many  Kinds  of  Meteors  do  you 
reckon  ? 

B,  Some  diftinguifh  them  into  three  Sorts, 
fiery ,  airy,  and  watery. 

A.  Which  do  they  call^ry  Meteors  ? 

B .  Such  as  are  compofed  of  a  fat  fulphureous 
Exhalation ,  kindled  by  the  nitrous  Quality  or 
Subftance  of  the  Air ;  and  do  then  exhibit  the 
Appearance  of  Light  and  Fire  in  the  Air,  as 
Lightning ,  Flying  Dragons ,  &c. 

A.  What  are  thofe  called  airy  Meteors? 

B.  The  Wind,  and  its  divers  Kinds;  but  pro¬ 
perly  fpeaking,  the  Wind  is  no  Meteor  at  all, 
nor  are  there  any  Meteors  which  confift  merely 
of  Wind, 

A.  Pleafe  to  recount  me  thofe  you  call  'wa¬ 
tery  Meteors . 

B.  They  are  fuch  as  confift  of  Vapours ,  and 
Watery  Particles,  which  are  feparatea  from  one 
another,  and  raifed  by  the  Sun's  Heat,  and  be¬ 
come  modified  in  the  Air  into  various  Forms, 
as  Mifts ,  Clouds ,  Rain ,  &c.  in  abundance. 

A .  Which  do  you  hold  it  will  be  moft  na¬ 
tural  to  begin  a  Ccnverfation  withal,  of  thofe 
feveral  Sorts  of  Meteors  ? 


B »  It 


Of  the  Philofophy  of  Meteors.  1 97 

J3.  It  will  certainly  be  rnoft  natural  to  begin 
with  watery  Meteors. 

A.  Well  then,  to  make  a  Beginning,  I  ob* 
ferve  you  faid  thofe  Meteors  originally  confift 
of  V pours ;  pray,  what  are  they  ? 

B.  Fap  ours  are  a  Company  of  aqueous  or 
watery  Particles,  feparated  from  the  Surface  of 
the  Water,  or  moift  Earth,  by  the  Adlion  of 
the  Sun's  Heat ;  whereby  they  are  fo  far  rare¬ 
fied,  attenuated,  and  feparated  from  each  other, 
as  to  become  fpecificalJy  lighter  than  the  Air, 
and  confequently,  they  rife  and  float  therein  ; 
and  thus,  any  Kind  of  Heat  or  Fire  may  caufe 
Vapours 

A.  Pray 

*  The  Manner  in  which  Heat  raifes  the  Particles  of  a  Fluid 
into  the  Air,  or  which  is  the  fame  Thing,  makes  it  fpecifically 
lighter  than  Air,  is  a  great  Difficulty  with  Philofophers,  who 
have  taken  Pains  to  invent  many  Hypothefes  for  the  Solution 
thereof,  which  may  be  all  feen,  with  their  particular  Confuta¬ 
tions,  in  Mr.  Ro^wnings  Comp.  Syhem,  Part  II.  Dilfert.  6, 
and  the  Author  himfelf  declines  giving  any  Account  thereof  on 
the  Principles  of  the  prefent  Philofophy. 

But  as  it  is  no  fmall  Difparagement  to  the  Atoinical  or  New¬ 
tonian  Philofophy  to  fugged  its  Infufficiency  to  account  for  the 
Formation ,  Rife,  and  Refolution  of  Vapours  into  Rain ,  I  think  it 
proper  to  propofe  the  following  Queries  in  Behalf  thereof,  (i.) 
Does  not  the  received  Philofophy  teach— -That  Fluids  ccnfiit  of 
Particles  which  touch  but  in  few  Points,  and  are  united  by  the 
Attraction  of  Cohefion  ?  (2.)  That  Heat  is  Fire,  and  that  the 
Particles  of  Fire  are  in  a  conftant  and  violent  Agitation  and  State 
of  Motion  among  themfelves  ?  (3.)  That,  fince  the  Power  of 

Cohefion  is  known  to  be  lefs  than  the  Power  or  Force  of  Adtion 
in  the  igneous  Particles,  thefe  Particles  mull  divide,  feparate, 
and  propel  the  Particles  of  the  Fluid  every  Way  from  each  other ; 
and  therefore,  (4.  )  May  not  thofe  Particles  of  the  Fluid,  which 
lie  in  the  Surface,  be  driven  upwards  beyond  the  fmall  Sphere  of 
Attraction  by  the  Adtion  of  the  fiery  Particles  ?  (3.)  And,  then 
being  extremely  fmall,  may  they  not  be  lighter  than  the  Air  on 
the  Surface  of  the  Fluid,  and  therefore  be  forced  to  afeend  in  it 
^epording  to  the  Laws  of  Statics  ?  (6.)  Being  buoyed  up  to  a 

N  3  •  Height 
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A*  Pray  what  Meteors  are  immediately 
formed  of  Vapours  ? 

B*  Fogs  and  Mijls :  Fogs  are  thofe  Collec-* 
tions  of  Vapours  which  chiefly  rile  from  fen ny, 
moift  Places,  which  become  more  viiihle  as  the 
Light  of  the  Day  decreafeth  ;  if  thefe  are  not 
diflipated,  but  unite  with  thofe  that  rife  from 
Waters,  as  Rivers,  Lakes,  &c.  fo  as  to  fill  all 


the  Air  in  general,  then  they  are  called  Mijls  y 
and  often  they  {link,  from  a  fulphureous  Ex¬ 
halation,  or  Matter  they  contain. 

A.  What  Meteors  are  next  formed  of  Va** 
fours  ? 


B.  Clouds  are  the  next  State  of  Vapours  y 
for  they  con  lift  only  of  a  Congeries  of  Vapours 
exhaled  from  Sea  and  Land,  and  raifed  to  that 
Height  in  the  4ir,  where  they  become  of  equal 
Weight,  or  Gravity,  with'  the  Air;  in  thofe  Parts 
therefore,  th 
one  againft  another,  and 
ther,  they  coalefce,  or  thicken,  and  become  more 
denie  and  weighty  ;  the  thinner  or  rarer  the 


ey  float  and  fwim,  and  by  ftriking 
mixing  one  with  ana 


Clouds  are,  the  lighter  and  higher  they  fear;  but 


Height  w  lie  re  the  Air  is  of  equal  Weight,  will  they  net  he 
there  (alp, ended  in  the  Form  of  Clouds,  according  to  the  fame 
jL^ws  ?  (7O  ,May  they  not,  there  (by  the  Means  above  affigned) 
be  condemned  and  im bodied,  and  fo  become  more  weighty  than 
me  Air,  and  tiierefore  endeavour  to  defeend  through  it,  accord¬ 
ing  to  the  fame  Laws  ?  (8.)  But  defeending  through  a  Body  of 
cpnfiderable  Refinance  (as  the  Air  is)  will  they  not  be  again 
divined  and  leparated  into  leiTer  Parts,  which  being  heavier? 
\han  an  equal  Portion  of  Air,  will  flail  keep  defeending  in 
Props  or  Form  of  Rain  l 

I  fee  nothing  unnatural  or  merely  conjectural  in  all  this,  and 
fure^l  am,  it  is  all  conic  ntanpops  to  the  Principles  of  the  prefent 
received  Philpfophy.  If  any  think  the  Subject  of  thefe  Queries 
deficient  in  regard  of  the  Furpofe,  they  ate  to  fhew  it. 
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the  more  denfe  they  are,  the  weightier,  and  the 
nearer  they  ride  to  the  Earth, 

A.  Pray  how  high  do  you  judge  the  Clouds 
to  fly  ? 

B,  From  about  a  Quarter  of  a  Mile  to  a 
Mile  ;  i\  is  very  common  forPerfons,  by  climb¬ 
ing  very  high  Mountains,  to  get  above  the  Clouds 
and  fee  them  fwim  beneath  them,  cleaving 
againft  the  Mountains  they  are  onf. 

A.  That  mull:  be  very  curious  to  obferve  $ 
but  whence  the  various  Figures  and  Colours 
of  the  Clouds  ? 

B .  The  wonderful  Variety  in  the  Colours  of 
the  Clouds ,  is  owing  to  their  particular  Situation 
to  the  Sun,  and  the  different  Reflections  of  his 
Light :  The  various  Figure  of  the  Clouds  refults 
from  their  loofe  and  volubleTexture,  revolving 
into  any  Form,  according  to  the  different  Force 
pf  the  Winds. 

A .  That  Rain  is  produced  from  the  Clouds 
we  all  know  ;  but  in  what  formal  Manner  doth 
it  happen  ? 

B.  Thus :  when  various  Congeries  of  Clouds 
are  driven  together  by  the  Agitation  of  the 
Winds,  they  mix  and  run  into  one  Body,  and 
thus  dilfolve  and  condenfe  each  other  into  their 
former  Subfiance  of  Water  ;  alfo  the  Coldnefs 
of  the  Air  is  a  great  Means  to  colled,  eompaCt, 
and  condenfe  Clouds  into  Water  :  The  Water 
thus  produced  of  the  Clouds ,  being  heavier  than 

*  Concerning  the  feveral  Methods  of  meafuring  the  Height 
«f  the  Clouds,  fee  my  Young  Yrigonometei' s  Guide ,  Vol.  I.  hart 
II.  Chap,  II. 

N  4..,  Air, 
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Air,  mull  of  Neceffity  fall  through  it  in  the 
Form  we  call  Rain . 

A*  But  why  does  it  fall  in  Drops,  and  not  in 
whole  Quantities,  as  it  becomes  condenfed  in 
the  Air  i 

B .  So  it  would  fall  in  great  Quantities,  were 
it  not  for  the  Refinance  of  the  Air;  "but  the 
Subftance  of  the  Air  breaketh  and  divideth  it 
into  Parts,  fpnalier  and  fmaller,  the  farther  it 
paffeth  through  it,  till  at  laft  it  arrives  to  us 
in  very  Irnall  Drops 

A.  Is  not  Dew  a  Kind  of  Rain  ? 

B.  Yes ;  only  with  this  Difference,  that 
whereas  Ram  falls  at  any  Time,  and  in  great 
Drops,  Dew  falls  only  at  ftated.  Times,  and  in 
inch  very  fmall  and  .fine  Drops,  that  they  are 
icarcely  vifjble,  till  they  are  fallen  and  condenfed 
into  Drops  on  the  Tops  of  Grais,  Boughs,  &e„ 

A.  In. the  next  Place,  pray,  Sir,  explain  how 
the  Meteor ,  we  call  Snow*  is  produced. 

B.  Snow  is  produced  thus  :  When  the  Va¬ 
pours  are  become  confiderably  condenfed,  yet 
not  fo  far  as  to  become  liquefied,  or  diffoived 
into  Water,  then,  by  a  fpecial  Degree  of  Cold- 
'fiefs  in  the  upper  Air,  the  Particles  ot  the  con^ 
denfed  Vapours  are  compelled  into  a  hard,  rigid, 
and  glacv  Subftance,  fevera!  of  which  adhering 
together^  form  little  Fleeces  of  a  white  Sub¬ 
ftance,  fomewhat  heavier  than  the  Air ;  and 
therefore  defcend  in  a  flow  and  gentle  Manner 
through  it,  being  fubjedt,  by  its  Lightnefs,  to 
all  the  VarioQs  Motions  of  the  Air  and  Wind  ; 
and  is  what,  when  arrived  to  tis,  we  call  Show o 

#  See  Not§  *  in  Page  197, 
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H  And,  pray,  is  not  Hail  formed  after 
fomewhat  a  like  Manner  ? 

B.  Hail  is  thus  generated  :  When  the  Cloud 
which  rainech  is  very  high  in  the  Air,  or  when 
all  the  Regions  of  the  Air  are  very  cold,  the 
falling  Drops  of  Water  are  congealed  thereby, 
and  giow  into  a  glacy  Subftance,  fomewhat 
white  and  naid,  of  different  Size  and  Figure, 
according  to  the  Particles  of  Water,  the^De* 
greesof  Heat  and  Cold,  the  Wind,  &c.  and 
this,  when  come  to  us,  we  call  Hail. 

^  A .  Although  I  fuppofe  you  do  not  reckon 
Prof  and  Ice  among  Meteors,  yet  I  believe  this 
may  be  as  proper  a  Place  tq  difeourfe  of  them 
as  any ;  and  therefore,  if  you  pleafe,  be  fo  good 
as  £0  explain  to  me  their  Natures  ? 

-Z>.  Dr.  Cheyne  faith ,  that  Cold  and  Freezing 
feerns  to  proceed  from  a  faline  or  fait  Sub- 
Ranee  floating  in  the  Air,  whofe  Particles  are 
very  fharp  and  pointed,  and  thefe  infinuating 
themfelves  (in  a  wedge-like  Manner)  into  the 
Pores  of  the  Particles  of  Water,  do  thereby  fix, 
cryflallize,  and  make  hard  the  fuperficial  Parts 
of  W ater,  and  all  humid  Subltances  *,  and  hence 
the  incruftated  Surface  of  Earth,  Dews,  &c. 
we  call  Frof,  and  the  fixed  and  cryftallized 
Superficies  of  Water,  we  call  Ice  *  But,  when 
fhe  Ileat  or  tne  Sun  dnTolves  thofe  freezing, 
faline  Particles  into  a  Fluid,  the  Surface  of  the 
Water,  &c.  ah  return  to  their  former  natural 
States  and  this  we  call  Thawing . 

A,  Have  you  any  Thing  farther  to  confider, 

ia$  watery  Meteors  f  '  ’ 

B.  No, 


I 


202  t the  Philosophical  Grammar. 

B.  No,  thofe  now  defcribed  are  the  whole 
Tribe  ;  and  as  we  have  already  largely  fcanned 
the  Nature  of  the  Wind,  which  fome  (as  I  told 
you)  improperly  make  a  fecond  Sort  of  Meteors , 
Jet  us  now  pafs  to  the  Speculation  of  thofe 
which  are  called  fiery  Meteors . 

A.  With  a  very  good  Will,  Sir ;  nothing 
delights  me  fo  much  as  thofe  Kinds  of  natural 
Refearches  ;  and  in  the  fir  ft  Place,  pray  which 
do  you  count  the  principal  of  all  the  fiery 
Meteors  ? 

B.  Lightnings  which  is  thus  occafioned: 
The  Air  doth  abound  with  Steams  and  Exha¬ 
lations  of  Sulphur ,  Bitumen ,  Nitre9  and  Salts 
of  various  Sorts,  Acids  and  Alkalies  ;  thefe  be¬ 
ing  railed  by  the  Surfs  Heat  into  the  higher 
Regions  of  Air,  are  there  difperfed  and  venti¬ 
lated  to  and  fro  by  the  Winds ;  this  Agitation 
produces  a  Mixture,  and,  confequently,  a  Fer¬ 
mentation  of  thofe  combuftible  Sulphurs  with 
the  nitrous  Acids,  which  is  often  to  that  De¬ 
gree,  as  to  kindle  into  Flame,  and  thereby 
c  a  life  thofe  fhining  Flaihes  of  Lightning  wt? 
fee  darting  from  the  Sky  *. 

.  A.  But;  pray,  Sirs  what  makes  the : Thunder 
with  it  ? 

B .  Lhunder  is  occafioned  by  the  kindling 
thofe  bituminous  and  fulphureous  Exhalations 

*  Concerning  the  Nature  of  Bitumen ,  Sulphur ,  Nitre ,  Acids , 
Alkalies,  &c.  See  Part  IV.  Chap.  II.  and  the  Notes  thereto  an¬ 
nexed. 

As  Sulphur  is  the  moil  inflammable,  and  Nitre  the  moil  apt  for 
a  <; violent  and  fudden  Explojion ,  of  all  Kinds  of  Matter  ;  fo  thefe 
twoSubftances  are  moil  reafonably  thought  to  afford  the  Effluvia , 
which  compofe  the  Mixture  producing  Lightning  and  Thunder  ; 
as  they  are  the  two  principal  Ingredients  in  Gunpowder • 

•  in 
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in  the  Air  by  the  nitrous  Salts,  in  the  fame 
Manner  as  the  Explofion  is  produced  by  fettipg 
Fire  to  Gunpowder,  or  AurumFuhninans  ;  and 
the  Realbn  why  we  do  not  hear  the  dreadful 
Noife  of  Thunder ,  fo  foon  as  we  fee  the  Inflam¬ 
mation  or  Lightning,  is  becaufe  Sound  is  longer 
arriving  to  our  Ears,  than  Light  to  our  Eyes* 
as  I  have  before  told  you. 

A.  I  have  heard  talk  of  Thunder-Bolts ,  and 
their  ftrange  Effedts ;  pray,  what  do  Philofo- 
phers  fay  of  them  ? 

B.  What  is  called  a  Thunder-Bolt,  is  nothing 
but  a  more  folid  and  moft  rapid  Flame,  which, 
with  incredible  Celerity,  flies  from  the  Clouds 
to  the  Earth,  and  thro’  every  Thing  handing 
in  the  Way,  being  interrupted  by  nothing.  The 
more  remarkable  Phenomena  of  which  are  as 
follow  :  1  .  That  it  affedts  high  Places  chiefly, 
as  Mountains,  Towers,  Trees,  &c.  2.  That  it 
will  fometimes  burn  a  Perfon’s  Clothes,  while 
his  Body  remains  unhurt.  3.  That,  on  the  con¬ 
trary,  it  will  fometimes  break  a  Man’s  Bones, 
while  his  Clothes  and  Flefh  receive  no  Harm. 
And,  4.  In  like  Manner  it  will  fometimes  melt 
or  break  the  Blade  of  a  Sword  in  the  Scabbard, 
while  the  Scabbard  remains  untouched  ;  and, 
on  thecontrary,  will  fometimes  burn  theSheath, 
and  not  affedt  the  Sword.  The  Reafon  of  thefe 
ilrange  and  contrary  ErFedts,  Philofophers  can 
but  conjecture  at,  imputing  it  to  the  different 
Figure  and  Quality  of  the  Particles  of  *  Light¬ 
ning, 

*  There  is  Sort  of  Stone,  or  Mineral,  which  the  common 
People  call  a  Thu-rJer-Balt*  an4  imagine  falls  from  the  Clouds 

ia 
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King,  which  renders  them  capable  of  diffolving 
fome  Subftances,  at  the  fame  Time  that  they 
Will  not  touch  others. 

All  this  is  very  ftrange  indeed ;  pray  what 
other  fiery  Meteors  are  remarkable  ? 

B .  The  fame  aerial  Fire,  or  fulphureous  In- 
flammation,  hath  different  Names,  according  to 
the  Variety  of  Figures  and  Sizes  it  appears  un¬ 
der:  As,  l  Lamp  as,  a  Lamp,  when  it  burn- 
eth  by  little  and  little,  on  one  Part  only. 
2.  Bolis,  a  Dart,  when  the  Exhalation  appears 
kindled  in  a  long  Tradt  together.  3*  Trabes , 
Beams,  when  the  Inflammations  appear  in  the 
fame  Place  continually.  4.  Chafma,  a  Chafrn, 
when  the  Flame  fhines  or  glitters  from  the 
Breaksof  dividing  and  fplitting  Clouds .  5.  Ignis 
Fatuus ,  /.  e .  the  foolifh  Fire,  or  Jack  in  a  Lan- 
thorn,  when  a  fat  unftuous  Vapour  is  kindled, 
and  wafted  about  by  the  Motions  of  the  Air, 
near  the  Surface  of  the  Earth,  like  a  Light  in  a 
Lanthorn.  6.  Ignis  Pyramtdahs,  the  pyrami- 
dical  Fire,  when  it  refembles  a  Pillar  of  Fire, 
Handing  upright.  7.  Draco  Volans ,  a  flying 
Dragon,  when  the  middle  Parts  be  thicker  and 
broader  than  the  Ends.  8.  Capra  Saltans ,  a 
flapping  Goat,  when  it  appears  to  have  a  flap¬ 
ping  Motion,  and  to  be  fometimes  kindled,  and 

in  a  Stroke  of  Thunder,  and  thereby  does  manyTimes  greatMif- 
chief,  but  this  is  a  vulgar  Error ;  the  Stone  feems,  from  theMake 
and  Falhion  thereof,  to  referable  more  an  artificial  than  a  natu¬ 
ral  Produ&ion ;  and  being  mod  frequently  found  where  Sepul¬ 
chres  have  been,  inclines  fome  to  think  they  are  fome  Remains 
ot  Antiquity,  and  were  formerly  of  Ufe  inWar,  and  Arms ,  which 
it  was  cullomary^ith  the  Ancients  to  bury  with  their  Afhes.  See 
the  Authors  mentioned  in  Ronvning’s  Comp.  Syftem,  Page  1^6 
H  Part  II.  and  Phi],  Tranf.  No.  313,  316,  319,  331,  336. 

fome- 
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fometlmes  not.  9.  Stella  cadent ss,  falling  Stars; 
when  the  more  fubtile  Parts  are  burnt  away, 
they  fall  by  the  Weight  of  their  vifcous  and 
earthy  Matter  remaining.  And  thefe  are  all  the 
remarkable  fiery  Meteors  *. 


Of  thefe  Meteors ,  the  Ignis  Fatuus  is  the  molt  frequent  and 
considerable  ;  of  which  Sir  lfaac  Newton  thus  writes,  The/p- 
“  Fatuus  is  a  Vapour  fhining  without  Heat ;  and  is  there 
“  £ot  fone  DifFerence  between  this  Vapour  and  Flame,  a$ 
between  rotten  Wood  fhining  without  Heat,  and  burnino* 
Coals  of  Fire  r”  Optics ,  Queft.  io,  43 

The  Meteors  here  mentioned  are  mod  of  them  but  Parts  of  the 
wonderful  Phenomenon  called  the  Aurora  Borealis ,  or  Northern 
Lights,  which  is  an  Appearance  of  flreaming  Light,  darting 
from  a  dark  Part  of  the  Air  which  looks  like  a  Cloud  ;  which. 
Streams  or  Streaks  of  Light,  if  low,  are  perpendiclar  to  the 
Horizon,  and  higher,  feem  to  meet  in  a  Centre  near  the  Ze- 
rnth ;  where  they  have  various  glancing,  quivering  and  curling 
Motions ;  and  when  the  nitro-fulphureous  Matter,  of  which  it 
confils,  is  all  fpent  and  burnt  away,  the  Aurora  commonly  de¬ 
generates  into  a  bright  Twilight  in  the  North,  and  there  gra- 
duaHy  dies  away.  See  a  large  Account  of  this  Phenomenon  in 
all  its  Shapes  in  Rcwning’s  Comp.  Syftem,  Part  II.  Differt.  7. 
MonfMairan’s  Phyf.  and  Hift  Treatife  thereof,  in  the  Memoires 
i  rC4vCmie  Ro>'ale  des  Sciences ;  or  an  Abftraft  thereof  in 

u  N°'  43  **  See  an  Account°f  federal  Aurora’s  in 

the  Philor.  Tranf.  No.  320,  347,  348,  351,  332.  That  won¬ 
derful  Meteor,  March  igth,  A.D.  1^19,  No.  360.  Another  the 
lame  Year,  No.  363.  Dr.  Halley  has  made  it  appear  from  Ob¬ 
servations  on  the  Meteor  feen  on  the  3  iff  of  July ,  between  9  and 
10  at  Night,  A .  D.  1708,  that  theie  Meteors  aie  in  the  very 
upmoft  Part  of  the  Atmofphere,  or  between  40  and  30  Miles 
perpendicular  Height.  Alfo  that  March  19,  A.D.  1719,  was 
found  by  Calculation  to  be  no  lefs  than  73^  Englijh  Miles  per¬ 
pendicular  Height.  For  a  more  ample  Account  of  Meteors, 
«.ne  Reader  may  confult  the  Authors  referred  to  in  Note  #  ia 
Page  187.  Note  *  in  Page  i94>  and  Phil.  Tranf. 
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CHAP.  IV. 

3?& ANT  asm  atggr  aph  Y,  or  a  Phllofophical 
Account  of  the  cekjlial  Appearances ,  viz.  the 
Rainbow,  Halo’s^  Parhkliums,  Pa¬ 
raselene's,  &c. 

A.  TT1RAY,  Sir,  why  do  you  choofe  to  ufe 
JL  fuch  a  long  hard  W ord  -as  P hantafma* 
tography  ?  I  can  hardly  fpeak  it- 

B.  Becaufe  that  beft  expreffes  my  prefent 
Defign,  which  is  to  let  you  underhand  what 
the  Opinions  and  Difcoveries  of  the  bell  Phi- 
lofophers  are  concerning  the  celehial  Appear - 
ances ,  as  the  ’Rainbow ,  &c.  this  Wofd  being 
compofed  of  faiildc rpuzUj  Phantoms ,  or  Appear- 
ances ,  and  ypctq t9  a  Defer iption. 

A.  But,  Sir ,  by  your  Leave  I  would  afk 
whether  it  be  not  an  Innovation  to  call  thofe 
Things  by  the  Names  of  Phantoms ,  Appear¬ 
ances ,  or  Apparitions ,  which  (as  yourfelf  fays) 
are  by  the  greateft  Philofophers  ranked  with, 
and  deemed  Meteors  ? 

B.  Be  it  an  Innovation,  or  what  it  will,  I  al¬ 
ways  choofe  to  call  Things  by  fuch  Names  as 
exprefs  what  they  be,  not  what  they  be  not; 
it  is  certain  thofe  Things  we  difeourfe  of  exift 
no  way  but  in  Appearance. 

A.  What,  I  pray  you,  is  there  nothing  of 
Reality  in  thefe  Things,  as  in  the  Rainbow  for 
Enhance,  but  a  Form  of  different  Colours  ? 

B.  Nothing  more  indeed  $  they  all  owe  their 
Exigence  to  one  common  Caufe,  viz .  the  Re- 
flection  and  RefraSlion  of  Light.  , 
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yf.  Pleafe  to  explain  a  little  more  particular-* 
ly  the  Manner  how  thefe  Phenomena  are  pro¬ 
duced  ;  and,  firfl,  how  the  Rainbow  acquires 
its  beauteous  and  wonderful  Form. 

B,  The  Rainbow  is  one  of  the  moft  furpriz- 
ingof  all  the  Works  of  God  (which  the  Hebrews 
callQ’rftN  Wp  the  Bow  of  God,  and  the  Greeks 
Srav/uLocvrUj  u  e.  the  Daughter  of  IVonder  f  This 
Phenomenon  is  feen  in  the  falling  Rain,  or  Dew , 
and  not  in  the  Cloud  whence  thzt  Rain,  or  Dew, 
proceeds ;  it  is  caufed  by  a  Reflection  and  Re¬ 
fraction  of  the  Sun’s  Rays  from  the  globular 
Particles  of  Rain  :  There  are  often  two  Bows 
to  be  feen  at  the  fame  Time,  the  interior,  as 
AFB,  which  is  more  ftrong  and  vivid ;  the  ex¬ 
terior  Bow,  as  QHD,  which  is  more  faint  and 
weak  ;  the  interior  Bow  is  formed  by  two  Re¬ 
fractions  of  the  Rays  of  Light,  and  one  Reflec¬ 
tion  of  them  in  the  Drops  of  Water,  See  Fig * 
XXVII.  on  Plate  XVII,  fronting  p.  207, 

-  A .  Pray,  Sir,  exemplify  this  Matter. 

B.  I  will,  in  the  interior  Bow  (Fig.  XXVII. 
of  the  Plate  as  above)  let  EF  be  two  Drops  of 
the  falling  Rain,  and  let  S a  be  a  Ray  of  Light, 
falling  on  the  Drop  E  in  a,  from  whence  it  is 
refraded  firfl:  to  e,  thence  it  is  refieded  to  E, 
whence  it  is  a  fecondTime  refraded  to  the  Eye, 
fuppofe  at  O  :  In  like  Manner,  the  fame  Thing 
happens  in  the  upper  Part  of  this  Bow,  in  the 
Drop  F. 

A .  Well,  and  what  are  we  to  learn  from  all 
this  ? 

B.  Hence  you  eafily  underftand  the  Reafon 
of  the  Colours  of  theiL^,  if  you  have  not  for- 
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got  what  I  delivered  to  you  when  we  were  dif« 
courfing  of  Light  and  Colours  :  For  here  you 
fee  the  Angle  COE=40°  a  fhall  be  the  greateft 
Angle*  in  which  the  moft  refrangible  Rays  can 
after  one  Reflection  be  refraCted  to  the  Eye;  and 
therefore  all  the  Drops*  in  the  Line  OE,  fhall 
fend  the  moft  refrangible  Rays  moft  copioully  to 
the  Eye,  and  thereby  ftrike  the  Senfes  with  the 
deepeft  violet  Colour  in  that  Region  :  In  like 
Manner,  the  Angle  COF=42°  1  j  fhali  be  the 
greateft,  in  which  the  leaft  refrangible  Rays  can 
after  one  Reflection  be  refradted  to  the  Eye; 
and  therefore  all  thofe  leaft  refrangibleRays  fhall 
come  moft  copioufly  to  the  Eye  in  the  Line  OFs 
and  ftrike  the  Senfes  with  the  deepeft  Red  in 
that  Region*  Do  you  underftand  me,  pray  ? 

A.  Y cs.  Sir,  very  well;  and  I  alfo  underftand, 
that  by  Reafon  of  the  Intermediate  Degrees  of 
Refrangibility  of  Rays  coming  from  the  Drops 
between  E  and  F,  the  Space  between  E  and  F 
fhall  be  painted  with  proper  intermediated  Co¬ 
lours  ;  and  therefore  the  whole  Face  of  the 
Bow  will  be  tinged  with  all  the  primogenia! 
Colours  in  their  natural  Order,  viz.  Violet ,  In¬ 
digo ,  Bine ,  Green,  Yellow  $  Orange ,  and  Red, 
from  E  proceeding  to  P» 

B*  I  am  glad  to  fee  you  fo  very  happily  un¬ 
derftand  the  Matter;  you  will  with  the  greateft 
Eafe  and  Pleafure  underftand  the  Phenomena  of 
the  upper,  or  exterior  R^QHD,  which  in  fhort 
are  thus  produced  :  Let  G  and  H  be  two  Drops 
id  the  extreme  Parts  of  the  upper  Bow,  now  let 
SG  be  a  Ray  falling  on  the  Drop  in  G,  whence 
it  is  firft  refradted  to  e9  from  thence  it  is  fit  ft 
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reflected  to  F,  from  F  it  is  a  fecond  Time  re¬ 
flected  to  gf  and  from  g  it  is  a  fecond  Time  re¬ 
ft  acted  to  the  Eye  at  O  :  Now  the  fame  is  to 
be  underflood  in  the  upper  Drop  H  :  hence 
the  Angle  COg—  §0  y  42'  is  the  leaft  Angle,  in 
which  the  leaft  refrangible  Rays  can  after  two 
Reflections  be  refracted  to  the  Eye;  and  there¬ 
fore  the  Drops  in  the  Line  Og  fhall  ftrike  the 
Eye  with  thedeepeftRed,  and  the  Angle  COH 
=54  22  fhall  be  the  leaft  Angle,  in  which  the 
moft  refiangibleRays  after  two  Reflections  can 
emerge  out  of  Drops ;  and  therefore  thofe  Rays 
flaall  come  moft  copioufly  from  the  Drops  in  the 
Line  OH,  and  fhall  ftrike  the  Senfe  with  the 
deepeft  Violetin  that  Region :  And  by  the  fame 
Reafoning  the  Drops  between  GH  fhall  ftrike 
the  Senles  with  the  intermediate  Colours;  and 
fo  the  Colours,  in  the  whole  Width  of  the  up¬ 
per  Bow ,  fhall  lie  in  this  Order  from  G  to  H, 
viz.  Red ,  Orangey  Y'ellow,  Green,  Blue ,  Indigo, 
V ‘iolet  ;  contrary  to  the  Order  of  thofe  in  The 
lower  Bow. 

V 

A.  Sir,  I  readily  perceive  the  Reafon  of  thofe 
Colours  in  both  the  according  to  the  Laws 
of  RefraCtion  you  heretofore  mentioned  ;  but, 
pray,  why  are  the  Colours  of  the  exterior  Bow 
lo  much  fainter  than  thofe  of  the  interior  one? 

B.  Becaufe  the  Light  is  twice  reflected  in 
the  Drops  of  the  exterior,  and  but  once  in 
thofe  of  the  interior  Bow ,  the  Light  becoming 
fainter  by  every  Reflection. 

A.  I  think.  Sir,  the  Rainbow  always  ap¬ 
pears  perfectly  round  ;  doth  it  not  ? 

B.  Yes;  accurately  fo  ;  for  the  Lines  OE, 
Oh,  OG,  and  OH,  turned  round  their  com- 
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mon  Axis  OC,  fhall  with  their  Ends  EFGII 
defcrihe  the  circular  Borders,  or  Extremities, 
of  the  two  Bows . 

A ,  And  do  they  always  appear  equally  large? 

B.  Yes,  all  Rainbows  are  of  the  fame  Di« 
menlions ;  becaufe  no  Bow  can  appear  but  un¬ 
der  the  Angles  of  the  fame  Quantities,  as  be¬ 
fore  mentioned. 

A.  But  we  do  not  always  fee  an  equal  Quan¬ 
tity  of  a  Bow,  as  I  have  often  obferved. 

B.  No,  that  is  impoffible  you  fhould ;  for 
the  Sun  muft  be  in  the  Horizon  for  you  to  fee 
half  the  Bow,  which  is  the  mod  that  can  ever 
be  feen;  for  then  the  Centre  of  the  Bows  C  is 
on  the  Superficies  of  the  Earth;  but  the  higher 
the  Sun  rifeth  above  the  Horizon,  the  lower  the 
Centre  C  finketh  beneath  the  Earth’s  Surface ; 
and  eonfequently  the  lefs  fiill  you  can  fee  of 
the  Bow,  till,  at  laft,  you  can  fee  none  at  all. 

A-.  Pray  how  high  mail:  the  Sun  be  for  the 
Rainbow  not  to  be  feen  at  all  ? 

B.  When  the  Altitude  of  the  Sun  becomes 
equal  to  the  Quantities  of  the  aforefaid  Angles, 
under  which  the  Bow  appears,  they  cannot  then 
be  feen;  that  is,  when  the  Sun's  Height  is  equal 
to  the  Angle  COE—qo0  2 ,  the  inner  Part  E, 
of  the  interior  Bow,  defcends  the  Horizon ; 
when  it  is  equal  to  the  Angle  COF=42°  ij, 
the  upper  Part  F,  and  fo  the  whole  interior 
Bow  will  entirely  vanifh  and  difappear  beneath 
the  Horizon.  Thus,  when  his  Height  is  equal 
to  the  Angle  COH— 54°  22',  the  whole  ex¬ 
terior  Bow  will  be  depreffed  below  the  Hori¬ 
zon,  and  then  no  Part  of  any  Bow  at  all  can  be 
feen;  hence  all  the  Winter  half  Year  both  the 
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Bows  may  be  been  all  the  Day,  the  meridian 
Height  of  the  Sun  then  at  greateft  being  never 
above  38°  30'.  -  . 

A.  What  elfe,  pray,  is  remarkable  of  the 
Rainbow  ? 

B. The  Dimenfions  in  Englij Z>  Yards  and  Miles, 
I  have  calculated  for  every  Part  of  both  Bows , 
and  are  fuch  as  are  here  fet  down  at  agiven  Di- 
ftance  of  theSpedlator,  and  Height  of  the  Sun*. 

Alfo 

*  Suppofe  (as  In  Fig.  LX.  on  Plate  XIV;  fronting  p.  170}  a 
Spectator  at  O  beholds  the  Bows  AEBandCGD  at  theDiltanc® 
a  Mhle,  or  1320  Yards ;  and  that  the  Height  cf  the 
Sun  be  at  that  Time  16  Degrees  :  In  fuch  a  Cafe,  I  have  deter¬ 
mined  the  Dimenfions  of  the  Bows  as  follow. 

i*  The  Centre  of  the  Bows  P  will  be  depreffed  below  the 
Surface  of  the  Earth  364  Yards— QP. 

2.  The  leffer  Semidiameter  of  the  interior  Bow  PE  will  bs 
1066  Yards;  and  the  greater  Semidiameter  PF  will  be  1154 
Yards;  therefore, 

3.  The  Breadth  of  the  interior  BowEF  will  be  88  Yards,  or 
264  Feet. 

4.  Again,  the  leffer  Semediameter  of  the  exterior  Bow  PG 
will  be  1550/0  Yards;  and  the  greater  PH,  ^oYards* 
therefore, 

5.  The  Breadth  of  the  exterior  Bow  GH  will  be  ziqAL 
Yards,  or  659  Feet ; 

6.  Confequently,  the  Breadth  cf  the  exterior  exceeds  the 
Breadth  of  the  interior  Bow  by  395  Feet;  which  fhews  it  to  be 
more  than  twice  the  Width  of  the  latter. 

7.  The  Diftance  of  the  Summit  F  of  the  interior  Bow  from 
the  Earth  QJs  790  Yards;  and  the  Summit  of  the  exterior  Bow 
H  from  QJs  1406  Yards. 

8.  The  Diftance  between  the  two  Bows  from  F  to  G  is 
396t%  Yards. 

9.  The  Diftance  of  the  Legs  AB  of  the  interior  Bow  on  the 
Earth’s  Surface  is  2052  Yards ;  that  is,  one  Mile  and  292  Yards. 

10.  The  Diftance  CD  of  the  Legs  of  the  exterior  Bow  is 
3014  Yards;  that  is,  one  Mile,  and  of  another. 

11.  The  Diameter  of  the  interior  Bow  being  2132  Yards, 
the  Circumference  thereof  will  be  6694*.  Yards,  or  2  V-  Miles, 
on  the  Infide. 

1 2.  The  vifible  Segment  AEB  above  the  Earth,  will  be  above 
2750  Yards  ;  or  one  Mile  and  a  half,  and  fornewhat  more. 
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Alfo  you  have  here  learned  the  following  Par¬ 
ticulars  :  i.  That  two  Bows  do  appear  toge¬ 
ther.  2.  The  Manner  how  they  are  both  form¬ 
ed.  3.  The  Reafon  of  the  Diverfity  of  their 
Colours.  4.  The  Reafon  why  the  Colours  of 
each  Bow  lie  in  an  inverfe  Order  to  each  other. 
5.  That  the  Rainbows  never  appear  but  when 
it  rains.  6.  That  the  Bow  is  in  the  falling  Rain, 
and  not  in  the  Cloud.  7.  That  it  always  ap¬ 
pears  in  that  Part  of  the  Heavens  oppofite  to 
the  Sun.  8.  The  Reafon  why  one  Bow  is  fo 
much  more  ftrong,  apparent,  and  vivid,  than 
the  other  exterior  one.  9.  Why  they  are  all  in 
themfelves  of  an  equal  Bignefs.  10.  Why  we 
fee  at  fometimes  a  greater,  and  fometimes  a 
leffer  Part  of  them.  1 1.  Why  we  can  never  fee 
above  half  a  Bow  at  mod,  and  when  we  can  fee 
none  at  all.  1 2.That  the  Dimeniions  of  a  Rain¬ 
bow  may  be  computed  in  any  known  Meafure, 

A.  Indeed  thefe  are  all  exceeding  curious 
Circumftances,  and  far  more  than  ever  I  under- 

f 

13.  The  inner  Circumference  of  the  exterior  Bow  will  be 
^-3^  Yards,  or  alittle  more  than  5-5% Miles;  and  the  Part 
CGD  above  the  Earth  about  2 T3o  Miles. 

Thefe  are  the  principalDimenfions  of  fuch  a  Bow,  which  may- 
give  the  Reader  a  genera'ildea  thereof,  and  many  Times  is  very- 
near  the  Truth.  I  have  fhewed  the  Method  or  Calculation  in 
my  Young  ct rig.  Guide ,  Vol.  I.  Part  2.  Chap.  2.  But,  by  the 
Miftake  of  a  Number,  the  Meafures  there  given  are  erroneous; 
this  Overfight  I  difcovered  not  till  it  was  too  latetoconefl  it* 

They  who  would  fee  the  Mathematical  Theory  of  the  Rain- 
how,  may  confult  Sir  IJaac  Newton  s  Optics ,  Book  I.  Part  2, 
Prop.  9,  or  Dr.  Clark’s  Notes  on  Rohaulfs  P  by  fees,  Part  III. 
Chap.  17.  Alfo  in  Dr.  Green’ s  Principles  of  P hilofophy  ;  and 
Dr.  Halley’s  Difcourfe  thereon,  in  Philo f  Tran/.  N°  267.  See 
alfo  NQ  375.  Dr.  Pemberton’s  View ,  Page  394.  Gravefande’ s 
felem, .  Book  HI.  Chap.  21.  Chambers  $  DidHoiu  and  Harris’s  Lex* 
TmIo.  under  tjie  Word  Rainbow.  ' 

flood 
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flood  before  :  But  you  have  faid  nothing  of 
the  Rainbows  which  appear  by  Night  in  the 
Moonfhine  ;  what  think  you  of  them.  Sir  ? 

B .  They  are  in  all  Refpedts  the  fame  as 
thofe  occafioned  by  the  Sunfhine  in  the  Day 

A .  But,  if  you  affign  fuch  a  natural  Caufe  for 
the  Production  of  the  Rainbow ,  would  not  there 
have  appeared  a  Bow  in  all  Ages  and  Places  ? 

B. Y  es,  always  fince  there  have  been  Clouds, 
and  Perfons  to  fee  the  Reflection  of  the  Sun’s 
Light  from  the  Particles  of  falling  Rain. 

A .  Why,  there  have  been  Clouds  ever  fince 
the  Creation,  have  there  not  ? 

jB.  Yes,  undoubtedly*  and  Rain  too. 

A .  Pray,  then,  how  could  the  Rainbow  beany 
Thins:  of  a  miraculous  Production,  or  be  made 
the  Sign  of  a  new  Covenant,  which  God  made 

*  There  are  obferved  four  Sorts  of  Iris's  or  coloured  Bows. 
(1.)  Th  zRainbow;  of  which  already;  and,  for  Diftindtion, 
may  be  called  the  Solar  Bow.  (2.)  The  Lunar  Bow  ;  of  which 
fee  a  remarkable  Account  in  Philo/.  Bran/.  N°  33 1  -  (3.)  i  he 

Marine- Bow,  this  appears  at  Sea  in  the  Wafer  which  the  Wind 
carries  oft  the  Tops  of  the  Waves ;  the  Colours  in  this  are  not  fo 

lively  as  in  the  Common-Bow  ;  the  molt  vivid  are  a  Yellow  next 

✓  '  , 

the  Sun,  and  a  Green  next  the  Sea.  They  appear  m  great 
Number,  fo  that  20  or  30  of  them  may  be  feen  together.  Laftly, 
they  have  a  Pofition  contrary  to  that  of  the  common  Rainbow; 
thatis,  they  have  theircurve Parc  turned  towards  the  Sea,  and 
the  Legs  upwards.  See  Philo f  T ran /.  N°  337,  and  369.  (4.) 

The  Verre/lrial  Bow ;  for  fo  I  call  if,  as  being  feen  on  the 
Ground ;  it  is  caufed  by  Refradtion  of  the  Sun’s  Rays  in  Drops 
of  Dewon  the  Grafs :  Mr .Langwith  tells  us,  in  one  hefaw,  the 
Colours  were  very  near  as  ftrong  as  thofe  of  the  common  or 
Solar-Bow,  It  continually  changed  its  Place  with  the  Beholder. 
The  convex  Part  was  next  the  Eye,  and  the  Vertex  was  very 
near  him.  The  Colours  took  up  lefs  Space,  and  thofe  were  more 
lively,  that  were  neared  him.  According  to  the  different  Height 
of  the  Sun,  the  Figure  of  this  Bow  may  be  either  an  Hyperbola , 
Parabola ,  or  Ellipjts.  See  Philo/Tran/.  No  360. 

Q  3  with 
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with  Noah  and  the  New  World, \  as  related 
Gen.  ix,  1 3,  14,  i  5  ? 

B.  That  Paffage  does  not  neceffarily  imply 
that  it  was  any  miraculous  Produdtion,  or  that  it 
did  not  exiji  before ;  ior  memorial  Signs  or  to¬ 
kens  are  arbitrary  cThings3  and  God  might  as 
well  choofe  the  Rainbow  for  that  Purpofe,  as 
any  Novelty  wha.tfoerer 

A.  How  do' you  account  for  thofe  Phceno - 
mena  we  cal!  Halos  ? 

R.  They  are  Circles  fomewhat  akin* to  the 
Rainbow ,  which  appear  about  the  Sun  and 
Moon,  and  fometimes  varioufly  coloured. 

A.  Pray  what  are  the  moft  remarkable  Par¬ 
ticulars  in  the  Halo's  ? 

B.  The  following :  1.  They  have  always  the 

Sun  or  Moon  for  their  Centre.  2.  They  never 

* 

*  In  Gen.  ix.  13.  our  Tranflation  hath  it — /  do  fet  rmy  Bow 
in  the  Cloudy  which  indeed  makes  it  Teem  as  if  it  were  not’there 
before ;  but  if  we  attend  to  the  Original,  we  ill  al  1  find  the  Word 
»nnj  to  fignify,  not—-/  do  fet ,  but,  I  do  give,  or  appoint ,  or  ap¬ 
propriate  my  Bo\v  in  the  Cloud,  for  a  Sign,  & c.  Again,  the  Ex- 
preilion  »nt*p,  my  Bow,  plainly  implies  the  Bow  was  then  in  be¬ 
ing,  and  was  a  common  and  well  known  Thing.  Once  more 
the  Word  rimm,  which  we  render,  and  it  Jhall  be,  may  be  as 
we]  1  rendered  —  that  it  may  he ,  &c.  the  Prefix  1  being  often  found 
to  have  the  Signification  of  the  Adverbs,  that.  Wherefore  the 
Yerfes  may  be  truly  thus  tranflated  ;  Ido  give  or  appoint  my  Bow, 
which  is  in  the  Cloud ,  that  it  may  he  for  a  Sign  or  Noken  of  a  Cove¬ 
nant  h e-tween  me  and  the  Earth ;  and  it  fhall  come  to  pafs ,  when  1 
bring  a  Cloud  over  the  Earth ,  (nn^^Ul)  a,nd  the  Bow  Jhall  befeen 
in  the  Cloud ,  (’map)  that  I  will  remember  my  Covenant  that  is 
between  me  and  you,  See.  Thus,  by  giving  the  Particle  1  its  due 
Acceptation  in  three  feveral  Places, the  three  Verfes  run  very  na» 
tural,  and  imply  no  new  Wonder  or  Miracle.  I  hope  thofe  Gen¬ 
tlemen  who  have  been  fo  ready  in  charging  me  with  caitingCon- 
tempt  on  the  Scriptures,  will  believe  me,  if  I  tell  them  once 
more,  that  I  efteem  the  Bible  above  all  Books  in  regard  of  Re¬ 
ligion,  and  that  what  I  fay  refle/tsonly  on  the  Superfiition  or  Ig¬ 
norance  of  thofe  who  would  make  the  Scriptures  fay  any  thing 
inconfiftent  with  Reafon,  Common-fenfe,  or  the  Nature  of  Things. 
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appear  in  a  rainy  Sky,  but  in  a  rimy  and  frofty 
one.  3.  They  appear  blue  on  the  exterior 
Limb,  or  Border,  and  red  on  the  interior.  4. 
The  Air  contained  within  them  is  more  obfcure 
than  the  ambient  Air  without  round  about 
them.  5.  The  Limb  of  a  Halo,  or  Width  of  its 
Circle,  is  about  half  a  Degree,  or  30  Minutes. 
6.  The  Diameter  of  the  whole  Circle  of  the 
Halo,  is  about  44  or  46  Degrees,  moreorlefs. 
See  Fig.  XXVIII.  on  Plate  XVII,  fronting/. 
2°  7. 

A.  And,  pray,  is  the  Halo  formed  in  the  fame 

Manner  as  the  Rainbow  ? 

B.  The  Halo  is  formed  by  the  Refraction  of 
the  Rays  of  Light,  without  any  Reflection,  as 
in  the  Rainbow  ■,  and  this  Refraction  of  the 
Light  in  the  Hailftones  in  the  Air,  will  be 
ftrongeft  at  about  220,  or  220  30  >  diftanteach 
Way  from  the  Sun  or  Moon,  and  gradually 
decay  both  Ways  as  the  Diftance  increafes  or 
decreafes;  and  confequently  at  that  Diftance 
there  will  be  formed  a  Circle,  we  call  the  Halo, 
about  the  Sun  or  Moon,  which  Halo, as  often  as 
the  Hailftones  are  duly  figured,  may  be  coloured; 
and  then  it  muft  be  red  within  by  the  leaft  re¬ 
frangible  Rays,  and  blue  without  by  the  moft 
refrangible  ones  1  And  this  is  the  Subftance  of 
all  we  know  worth  mentioning  of  the  Halo’s, 

A.  Then  a  Word  next,  if  you  pleafe,  con¬ 
cerning  the  Parhelia j  pray  what  are  they  in  a 
philofophical  Senfe,  and  why  fo  called  ? 

B.  The  Parhelia  are  what  the  Vulgar  call 
Mock-Suns,  and  Parafelenes  are  Mock-Moons, 
which  fometimes  appear  in  the  Heavens,  and 
are  only  Reprefentations  of  the  Face  of  the  true 
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Sun  or  Moon  by  Way  of  Reflection  in  the 
Clouds;  they  are  fo  called,  becaufe  they  appear 
Trapcc  r ov  5Ja iov,  befides  the  true  Sun,  and  7rapcc 
T7iu  a^r)VY\v9  befides  the  true  or  real  Moon. 

A.  In  what  Manner  do  they  appear  ? 

B.  Thus:  i.  There  is  obferved  a  very  great 
white  Circle  parallel  to  the  Horizon,  asACDR, 
palling  through  the  true  Sun  at  S.  See  Fig . 
XXIX.  on  Plate  XVII,  fronting  Page  207. 
2.  In  the  Parts. of  this  white  Circle  appear  the 
Parhelia :  As  in  1629,  March  29,  there  ap¬ 
peared  at  Rome  four  Mock-Suns,  as  ABCD,  to 
a  Spectator  in  the  Obfervatory  at  O;  though  not 
all  of  them  equal,  nor  equally  Itrong  and  vivid, 
nor  of  equal  Duration.  3.  They  are  in  Num¬ 
ber  unequal,  being  fometimes  four,  as  here, 
forne times  more  or  lefs.  4.  They  appear  fome¬ 
times  tinged  with  the  Coloursof  the  Rainbow, 
now  ftronger,  now  fainter.  5.  Halos  frequent¬ 
ly  appear  at  the  fame  Time  ;  as  in  the  Cafe 
now  mentioned,  there  appeared  two  broken 
ones,  as  the  interior  one  FGH,  very  ftrong  and 
Rainbow-like,  and  the  exterior  one,  XABK, 
palling  through  the  two  Parhelia  neareft  the 
Sun  AB,  but  fo  weak  and  faint  as  fcarcely  to 
be  feen.  6.  Among  thefe  four  Parhelia ,  one, 
viz.  the  Parhelium  B,  appeared  to  have  a  Tail, 
Comet-like,  extending  to  E,  the  Part  oppofite 
to  the  Sun  S. 

A.  But,  Sir ,  in  viewing  this  Scheme,  doth 
not  I  reprefent  the  Point  vertically  over  the 
Obfervatory  O,  as  well  as  the  Centre  of  the 
great  white  Circle;  and  fo  the  Spectator  would 
fee  the  true  Sun,  the  Halo's,  and  the  two  Par - 

helia , 
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helia,  A,  B,  before  him,  and  the  other  two, 
C,  D,  behind  him  ;  would  he  not  ? 

B.  Yes,  that  is  the  right  Way  to  conceive 
a  true  Notion  of  the  Phenomenon. 

A .  Pleafe  to  let  me  know  how  the  Philo- 
fophers  fay  they  are  formed  ? 

B .  The  great  white  Circle  all  round  you 
is  formed  by  the  Reflection  of  the  Sun,  from 
thofe  icy  Particles  floating  in  the  Air  of  thefame 
Height  of  the  Sun ;  and  therefore  the  Sun  muft 
be  in  it,  as  at  S  :  The  Halo's  FH  and  IK  are 
produced  as  before  faid  :  The  Parhelia  ABCD 
are  produced  by  two  Refractions  and  one  Re¬ 
fledtion  of  the  Sun’s  Rays  falling  on  the  icy 
Particles  in  certain  Parts  of  the  white  Circle ; 
whence  there  is  an  Image  of  the  Sun  not  only 
formed,  but  painted  with  the  Colours  of  the 
Bow :  But  the  Caufes  of  thefe  Phenomena  are 
not  fo  obvious  as  thofe  of  the  Rainbow  and 
Plalos ,  and  therefore  we  leave  them 

A ,  But,  before  we  quite  difmift  this  phan- 
taftic  Subjedt,  pray  give  an  Hint  what  that 
Phenomenon  may  be  we  call  Virge  ? 

B .  This  is  only  an  Apparition  of  the  Sun’s 
Rays  darting  through  the  Xnterftices  of  the 
Clouds,  or  otherwife,  in  the  Form  of  a  Bundle 
of  Rods  as  it  were.  And  now,  from  thofe 
Things  which  are  fltuated  fo  remote  from  us, 

*  If  the  Reader  be  delirous  of  feeing  a  large  and  more  vari¬ 
ous  Account  of  Halo’s,  Parhelia ,  and  other  Appearances  of  the 
Kind,  let  him  perufe  Sir  Tfaac  Newton  s  Optics,  Book  I.  Part  2. 
Prop. 9.  De/cartes’s  Meteora,  in  his  Opera  Philo/op  h.  Mr.  Hagens’ s 
Account  of  the  Caufes  of  them,  in  Philo/.  Tran/  N°  60.  Alfo 
Np  22,  129,  13,  47,  102,  250,  251,  262  ;  and  all  the  Authors 
deferred  to  in  Note  *,  Page  187. 
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and  in  a  Region  altogether  inaccellible  to  Man¬ 
kind,  let  us  defcend  to  the  Contemplation  of 
the  manifold  Curiofities  and  Wonders  difco- 
vered  in  a  Place  we  know  better,  and  nearer 
Home  ;  to  wit,  in  the  Globe  of  our  Earth. 

A,  With  all  my  Heart,  Sir ;  for  I  cannot 
fay,  indeed,  but  that  I  am  almoft  weary  with 
travelling  fo  long  through  all  the  ethereal  Re¬ 
gions  of  the  Univerfe  $  yet,  as  it  hath  been  on 
the  Wings  of  Contemplation,  and  I  am  fatu- 
rated  with  the  delightful  Curiofities  of  Nature, 
I  am  fo  far  from  regretting  it,  that  I  count 
it  the  heft  and  moft  profitably  fpent  Part  of 
my  Time,  = ' 
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Modem  Philofophy. 


PART  IV. 


G  E  O  L  O  G  Y  : 

CONTAINING, 

I.  Aphilofophical  View  of  th tterraqueousGlobe. 

II.  The  Philofophy  of  Earths ,  Stones,  Metals, 
Minerals ,  &c. 

HI.  The  Philofophy  of  Water ,  viz.  the  Seas, 
Rivers ,  Springs ,  &c. 

IV.  The  Philofophy  of  Plants  and  Vegetation. 

V.  The  Philofophy  of  animal  Bodies ,  viz.  the 
human  Body ,  Brutes ,  Fowls ,  Fijhes,  Inf e Sis , 
Reptiles ,  Shell  Animals,  &c. 

Shewing  the  wonderful  Difcoveries  of  the  modern  Naturalifts 

in  thofe  Parts  of  Science. 


CHAP.  I. 

Geolog  v,  or  the  general  DoStrine  of  the  Globe* 
of  its  various  Divifions  and  Subdivifions  *  of 
the  Viciffitude  of  Seafons,  and  other  general 
AffeSlions . 

% 

A.  TJRAY,  what  is  imported  by  the  Word 

r  Geology  ? 
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i?.  A  Difcourfe  of  the  'Earth  in  general,  or 
4 Terraqueous  Globe ,  as  confiding  of  Land  and 
Water  ,  from  the  Greek  Words  y%  the  Earth , 
and  Ac yos,  a  Difcourfe. 

A.  How  is  the  Earth  divided  ? 

B.  The  firft  great  and  moft  general  Divifion 
of  the  Earth  is  into  Land  and  Water;  which 
again  are  feveraliy  fubdivided  into  other  leffer 
Parts. 

A.  Pray  how  is  the  Land  fubdivided  ? 

B .  Into  the  following  Parts,  viz. 

i.  Continents,  which  are  great  Tradts 
of  Main  Land,  containing  whole  Countries 
and  Kingdoms;  as  Europe ,  Afa ,  Africa ,  and 
America. 

a.  Islands,  or  Parts  of  Land  environed 
by  the  Sea  ;  as  Britain ,  Japan ,  Madagafcar , 

&c»  * 

3.  Peninsulas,  which  are  Parts  of  Land 
enconipaffed  by  Water,  excepting  on  one  Part, 
by  which  they  are  joined  to  the  main  Land, 
or  Continent ;  as  Morea ,  &c. 

4.  Isthmus  is  that  Neck  of  Land  joining 
the  Peninfula  to  the  main  Land. 

5.  Promontories,  or  Capes,  are  thofe  high 
Parts  of  Land  which  run  far  out  into  the  Sea 
in  a  Point;  as  the  Cape  of  Good  Hope ,  &c. 

*  See  an  Account  of  a  new  Ifland  raifed  out  of  the  Sea  near 
Saturnine  in  the  Archipelago,  May  12,  1707,  by  Dr.  Sherrard\  in 
Philo/.  T ran/  N°  314.  Alfo  of  another  new  and  burning  Ifland 
raifed  out  of  the  Sea  near  Tercera  on  Nouemb .  20,  1720,  by 
Ohhomas  Fojler,  Efq;  No.  372.  rX  his  Idle  is  in  Lat.  38°  29',  and 
Long.  26q  33'.  In  NQ  361,  there  is  an  Account  of  the  Sunk 
JJland ,  as  it  is  called,  in  the  Humber ,  which  was  recovered 
from  the  Sea  about  feventy  Years  ago,  and  is  about  nine  Miles 
in  Circumference,  and  has  a  very  fat  and  fertile  Soil. 

A.  And 
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A.  And,  pray,  what  are  the  Subdivifions  of 
the  Water  on  the  Globe  ? 

B.  Thefe  following,  viz. 

1.  Oceans,  are  thofe  vail:  Collections  of 
Water  which  cover  fome  greater  Parts  of  the 
Earth’s  Surface  ;  as  the  Atlantic  Ocean,  Mare 
del  Zur,  &c. 

2.  Seas;  thofe  are  leffer  Ademblages  of 
Water,  which  lie  before,  and  wafh  the 
Coalts  of  fome  particular  Countries ;  as  the 
Ethiopic,  Indian,  Arabian,  &c.  Seas. 

3.  Gulphs,  are  thofe  Parts  of  the  Sea 
every  where  environed  with  Land,  except  one 
Paflage  whereby  they  communicate  with,  the 
Sea;  as  the  Arabian  Gulph,  &c. 

4.  Straits,  are  thofe  narrow  Pafiages  of 
Water  which  either  join  a  Gulph  to  the  neigh¬ 
bouring  Sea,  or  one  Part  of  the  Sea  or  Ocean 
to  another  ;  as  the  Straits  of  (Gibraltar,  Sec. 

c.  Rivers,  are  Streams  of  frefh  Water 
ariling  from  fome  Fountain-head,  which  by 
a  continued  Current  arrive  and  difcharge 

themfelves  into  the  Sea  *. 

A.  What  other  Divifions  do  you  make  on 
the  Surface  of  the  Globe  ? 

B.  The  Earth  is  again  divided,  with  refpedt 
to  the  Length  ofDaysand  Nights,  into  Climates. 

A.  What  do  you  call  a  Climate  ? 

B.  Climates  are  fuch  Parts  of  the  Earth’s 
Surface  on  each  Side  the  Equator,  and  parallel 

,  i 

*  See  an  Account  of  the  Rife  of  feveral  of  the  moft  confider- 
ahle  Rivers  in  Europe  by  "J .  G.  Schinchx.tr ,  1'  •  R.  S.  in  Pbilj T 
Tranf.  N°  406.  See  alfo  N°  1 19,  And  Yaren,  Geog,  gener . 
Lib.  I.  Cap.  16.  throughout. 

thereto. 
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thereto,  that  the  artificial  Day  in  one  fuo* 
paffeth  that  in  the  other  by  half  an  Hour. 

A.  Are  there  yet  any  farther  Kinds  of  Di- 
vifions  of  the  Earth’s  Surface? 

B.  Yes,  and  a  very  remarkable,  one  too, 
viz.  into  the  Zones,  called  the  torrid,  tem¬ 
perate,  and  frigid  Zones 

A .  Pray  what  doth  the  word  Zone  mean  ? 

j B.  It  is  derived  of  the  Greek  g  odv)i9  a  Belt,  or 
Girdle i  becaufe  they,  being  large  parallel  Parts 
of  the  Earth’s  Surface,  do  encompafs  the  Globe 
of  the  Earth,  as  a  Belt  doth  the  Body  of  a  Man. 

A.  What  is  the  torrid  Zone,  and  wh y  is  it 
fo  called  ? 

B.  In  the  Map  adjoined,  you  may  obferve  a 
certain  Space  on  the  Earth’s  Surface,  over  the 
Middle  of  which  paffeth  theEquator,  ands 
included  between  two  double  Parallels,  one  to¬ 
wards  the  North,  called  the  Tropic  of  Cancer , 
and  the  other  Southward,  called  the  Tropic  of 
Capricorn ;  over  all  this  Space,  from,  the  North 
to  the  South ,  you  may  obferve  the  Line  called 
the  Ecliptic ,  or  the  Sun’s  Path,  dothpafs;  and 
confequently  doth  at  fome  Time  of  the  Year  or 

*  Virgil  and  OzA/have  both  given  a  very  beautiful  Defer  ip = 
tion  of  the  Zones  ;  of  which  the  latter,  in  Englijb,  runs  thus ; 

And  as  two  equal  Zones  on  either  Side, 

On  left  and  right,  the  meafur’d  Heav’ns  divide  : 

While  the  fifth  rages  with  intenfer  Heat ; 

So  the  fame  Lines  the  parted  Globe  coin  pleat : 

Exceffive  Heats  pofTefs  the  midmoit  Place, 

A  fad,  adult,  inhabitable  Space  ; 

On  two,  eternal  Hills  of  Snow  are  feen, 

And  two,  indulgent  Heav’n  has  plac’d  between. 

Whole  Climes  a  due  proportion’d  Mixture  hold, 

Temper’d  with  equal  Parts  of  Heat  and  Cold. 
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©ther  pafs  twice  over  every  Part  thereof,  and 
by  its  perpendicular  Rays  doth  greatly  heat 
and  fcorch  it ;  and  from  its  being  thus  terri¬ 
fied  by  the  Sun’s  exceffive  Heat,  it  is  called 
the  torrid  Zone . 

A .  Which  do  you  call  the  temperate  Zones  ? 

B .  Thefe  are  two  Trails  lying  next  the  torrid 
Zone ,  one  on  th e  North,  the  other  on  the  South , 
eachbGunded  by,  or  contained  within,  the  Tro¬ 
pics  and  Polar  Circles,  as  are  plainly  difeerned 
in  the  Map;  they  are  called  temperate,  becaufe 
the  Sun  never  pafieth  over  any  Part  of  them,but 
fhining  obliquely  on  them,maketh  them  to  have 
always  a  moderate  Degree  of  Heat  and  Cold, 

A.  And  where  do  you  place  th  t frigid  Zones? 

B .  They  are  thofe  two  Trails  of  the  Earth’s 
Surface  contained  within  the  Polar  Circles, 
Northward  and  Southward ,  as  you  fee  in  the 
Map  ;  over  the  Centre  of  each  of  thefe  is  the 
Pole  ;  the  Sun  being  at  a  great  Diftance  from 
thefe,  and  abfent  fo  long  from  feveral  Parts 
thereof,  together  with  the  great  Obliquity  of 
his  Rays  when  prefent,  caufeth  prodigious 
Cold  continually  over  all  thofe  Parts;  and  they 
are  therefore  called  the  frigid  Zones . 

A .  Pleafe  to  let  me  underhand  the  Reafon 
of  the  different  Degrees  of  Pleat  and  Cold,  in 
any  one  place,  throughout  the  Year. 

B.  This  will  be  beater  apprehended,  if  we 
fir  ft  difeourfe  a  little  of  the  various  Seafons, 
and  their  Caufes,  in  which  the  Differences  of 
Heat  and  Cold  are  found  ;  and  firft,  if  you 
pleafe,  we  will  enquire  the  Reafon  of  the ‘dif¬ 
ferent  Length  of  Days  and  Nights. 


A .  That 
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d.  That  will  be  very  acceptable  to  me ;  for 
I  mull  confefs  to  my  Shame,  though  I  have 
lived  fo  many  thoufand  Days  and  Nights,  I 
could  never  yet  tell  why  one  was  longer  or  Alert¬ 
er  than  another ;  be  pleafed  therefore  to  make 
the  Matter  evident,  ifpoffible,  by  a  Scheme. 

U.Yes,  I  will  warrant  it  is  poffible.  Cad  your 
Eyes  therefore  on  Fig.  XXXI.  on  Plate  XXL 
fronting  Page  234,  and  view  well  the  Situation 
of  the  Globe ;  it  is  there  in  its  proper  Pofition 
for  London ,  which  you  fee  in  the  Zenith  at  I, 
whofe  Horizon  is  the  Line  HO  ;  all  under 
which  to  us  is  dark,  and  all  above  it  light. 

A .  Very  good,  fo  far  I  can  follow  you;  pray 
go  on. 

B .  Then  next  you  mull  conceive  the  great 
Circle  OPQ^to  be  the  Meridian  of  London ,  on 
which  the  Sun  comes  every  Day  at  Noon,  and 
every  Night  at  Midnight,  on  fome  Part  of  it 
or  other. 

A.  But,  pray,  why  do  you  fay  on  fome 
Part  or  other  ? 

B>  Becaufe  the  Sun  is  never  precifely  on  the 
Meridian  in  the  fame  Place  two  Days  together; 
but  every  Day  declines  from,  or  approaches 
nearer  to,  the  Equrnodlial  Line  EQ,  which 
furrounds  the  Earth  in  the  Middle. 

A-  Pray  how  far  does  the  Sun  decline  from 
the  Equinoctial  at  mo  ft  ? 

B.  The  Sun,  from  March  1 1  to  "June  1 1, de¬ 
clines  from  f£  toT,  which  is  230  30',  or  1633P 
Englifh  Mileson  theEartlfs  Surface;  then, from 
June  x  1  to  Sept .  15,  it  returns  again  from  T  to 
the  EquinoPcial  JE,  from  which  it  paffeth  to  V, 

wher@ 
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where  it  is  found  about  December  10 ;  and 
thence  returns  again  to  JE  by  March  10. 

A .  Then  I  fee  the  Sun  is  neareft  London  at 
T,  at  a  mean  Diftance  in  JE,  and  fartheft  of 
all  from  us  at  V. 

i  ■  \ 

B .  Yes,  it  is  fo:  Now  obferve  the  Sun  in  the 
Meridian  at  thefe  three  fe veral  Places,  T,  JE,  V ; 

*  then,  becaufe  the  Earth  turns  each  Day 
once  round  its  Axis  PD,  the  Sun  in  each  of 
thofe  Places  will  delcribe  a  Circle ;  one  of 
which,  viz .  the  middle  one,  will  be  the 

Equinodiial  itfelf ;  and  the  other  two,  TR  and 
VW,  will  be  parallel  thereto  on  either  Side* 
and  are  the  Tropics  of  Cancer  and  Capricorn . 
Do  you  underftand  me.  Sir  ? 

A.  Yes,  pretty  well;  you  mean,  that  the 
three  Lines,  TR,  JE,  VW,  reprefent  the  Path 
of  the  Sun  from  Noon  in  T,  JE,  V,  to  Mid¬ 
night  in  R,  Q^,  W,  on  June  10,  March  io, 
and  December  1  o,  do  you  not  ? 

B.  Yes,  you  take  me  very  right;  now  it  is 
obvious,  when  the  Sun  has  palled  half  Way 
from  Noon  to  Midnight,  it  will  be  found  in 
the  Line  PD,  (the  fame  here  as  the  Earth's 
Axis)  in  the  Points  G,  Y,  M,  and  that  then  it 
is  Six  o'Clock;  alfo,  when  it  touches  the  Ho¬ 
rizon  in  XYZ,  it  there  fetteth  from  our  Sight, 
and  confequently  terminateth  the  Day,  and 
beginneth  the  Night ,  on  thefe  Days. 

A.  Very  well.  Sir,  I  believe  I  fee  your 
Conclulions  already. 

***  B.  Indeed,  Sir ,  they  are  very  evident :  For, 

1.  Suppofe  the  Sun  in  JE  the  Equinoctial,  then 
it  is  apparent,  that  it  will  on  thefe  Days,  viz . 

v  P  -  March 
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March  io?  and  Sept .  12,  be  in  the  Horizon  Y 
precifelyatSix  o’Clock;  and  therefore  his  Path 
by  Day  ./EY,  will  be  juft  equal  to  the  fame  by 
Night  YQ^  2,  Suppofe  the  Sun  at  T,  as  on 
June  10,  then  it  is  at  Six  o’clock  in  G  above 
the  Horizon  a  great  Way;  but  it  defcends  the 
Horizon  at  X;  and  therefore  the  daily  Arch 
TX  is  longer  than  the  Arch  by  Night  XR,  by 
the  Difference  GX.  3.  Suppofe  the  Sun  in 
V,  then  the  diurnal  Arch  VZ  is  juft  as  long  as 
the  no&urnal  Arch  XR  before,  and  the  noc- 
turnal  Arch  Z  W  is  here  the  fame  Length  with 
the  diurnal  Arch  TX,  in  the  foregoing  Cafe. 
Do  you  underhand  me  hitherto  ? 

A.  Yes,  1  believe  I  do:  As  the  Sun  declined! 
from  JE  to  T,  and  back  again,  the  Length  of 
Days  exceeds  the  Length  of  Nights,  in  as 
much  as  it  mu  ft  pafs  fome  Diftance  beyond 
the  Six  o'Clock  Line  GY,  before  it  can  come 
to  the  Horizon;  and  on  the  contrary,  while 
it  is  between  M  and  V,  it  meets  with  the  Ho¬ 
rizon  before  it  comes  on  the  Six  o’Clock  Y  M, 
and  therefore  the  Days  are  ftiorter  than  the 
Nights,  by  juft  fo  much  as  the  Nights  are 
fhorter  than  the  Days  in  the  other  Cafe:  This 
is  what  you  mean,  is  it  not  ? 

B.  Yes,  the  very  fame:  I  have  only  this  to 
obferve,  that  the  farther  you  go  Northward , 
the  greater  is  the  Difference  or  Inequality  of 
Days  and  Nights  ;  and  the  contrary. 

A.  That  I  alfo  perceive  plainly  from  the  Fi¬ 
gure  ;  for  the  nearer  HO  inclines  to  the 

greater  wi  11  be  TX,  and  the  leffer  VZ,  or  the 
greater  will  be  GX,  or  MZ,  the  Difference  of 

Day 
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Day  and  Night:  But,  pray,  what  means  that  ob* 
fcure  Part  of  the  Night,  comprehended  be¬ 
tween  HGAB,  which  is  neither  dark  norlight? 

B.  It  is  the  CrepuJ'culum,ox.  what  we  call  the 
Twilight ,  the  Line  AB  being  18  Degrees  be¬ 
low  the  Horizon  HO,  and  during  the  Time 
the  Sun  paffeth  from  HO,  to  AB,  in  the  Pa¬ 
rallel  of  any  Day,  his  Rays,  are  partly  refract¬ 
ed  by  the  Atmojpbere ;  and  fo  we  have  fome 
faint  Light  hill  he  gets  below  the  Limit  AB, 
when  we  are  left  in  total  Darknefs. 

A. l  underftand  you  mean, it  hTwilight  while 
the  Sun  paffeth  from  X  toR,  from  Y  to  S,  and 
from  Z  to  M,  on  the  Day  the  Sun  defcribes  the 
Parallels  TR,  i£Q^,  and  VW ;  do  you  not  ? 

B.  Yes,  I  do;  and  hence,  at  London ,  you 
may  obferve  that  when  the  Sun  is  in  T,  that 
is,  in  the  Tropic  of  Cancer ,  there  is  no  dark 
Night  at  all ;  for  the  Parallel  of  that  Day  TR 
doth  not  touch  AB,  nor  will  it  for  about 
a  Month  before  and  after  ;  that  is,  from  May 
11,  to  July  10,  there  is  no  dark  Night. 

A .  Pray,  when  doth  the  Ihorteft  Twilight 
happen  in  all  the  Year  ? 

-  B.  On  October  1,  and  February  19  ;  for 
then  the  Sun  defcribes  the  Parallel,  whofe 
didance  eo  is  the  lead,  between  HO,  and  AB, 
Of  any  other  whatfoever 

A .  Well,  Sir  A  thank  you  for  your  Labours 
to  re&ify  my  Notions  of  Day  .Night,  Twilight, 
&c.  of  which,  tho’  they  are  common  Things, 

*  See  the  Method  of  inveftigating  the  fh  arte  ft  Twilight  in 
Pr,  KeiWs  AJlronom .  Le£t.  XX*  Page  239* 
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yet,  I  never  had  agood  Notion  before  now  ;  Nor 
do  I  yet  well  conceive  the  Reafon  and  Manner 
cf  the  various  Changes  and\  Vicijfitudes  of  the 
Seafons  which  happen  through  the  Year;  and, 
if  you  could  represent  this  to  me  in  a  Figure, 
I  fhould  be  greatly  obliged  to  you, 

B.  I  have  contrived  a  Scheme  for  that  very 
Purpofe  (. Fig .  XXX,  on  Plate  XIX,  fronting 
p-  2 28.)  which  pleafe  only  to  view  very  care¬ 
fully,  and  you  will  fee  therein  a  natural  Re¬ 
presentation  of  a  whole  Tear. 

A.  Sir,  I  obferve  it  with  all  Diligence,  and 
fee  feveral  Things  therein  very  remarkable  : 
But  yet,  I  beg  you  would  pleafe  to  point  them 
out  in  the  natural  Order,  in  which  they  fhould 
be  confidered,  that  I  may  the  better  apprehend 
the  Defign  of  the  whole. 

B.  That  I  will  j  and firft,  you  obferve  in  the 
Center  of  the  Scheme  is  placed  the  Sun  S;  about 
which,  at  a  great  Diftance,  is  the  circular  Orbit 
of  the  Earth,  called  the  Zodiac,  divided  into  its 
12  Signs,  viz.  T,  «,  n,  ©,  SI,  ijp,  a,  &c.  in 
which  you  fee  the  Earth  in  four  feveral  Pofi- 
iions;  the  Jjrfm Aries  T  ;  the fecond  in  Cancer 
®  i  the  third  in  Libra  a  ;  th z  fourth  in  Capri- 
con-,  vf  within  this  there  is  a  dotted  Circle 
of  Months,  fhewing  the  Time  of  Tear  when  the 
Earth  is  in  any  Part  of  her  Orbit :  Now  with 
regard  to  the  Earth  itfelf,  you  fee  its  Pofition 
every  where  is  fomewhat  inclined  to  the  Plane 
of  her  Orbit;  that  is,  the  'E.zsth’sAxis  NS  doth 
not  (land  perpendicular  to  the  Plane  of  her  Mo¬ 
tion,  or  (which  is  the  fame)  is  not  parallel  to 
th  eAxis  of  the  faid  Plane,  but  maketh  an  Angle 
therewith  equal  to  the  Angle  made  by  the  In- 

terfeition 
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terfe&ion  of  NS  with  AK;  for  this  AK 
you  fee  is  always  a  Diameter  of  that  Circle 
which  boundeth  Light  and  Darknefs  on  the 
Earth’s  Surface,  and  is  every  where  perpendi¬ 
cular  to  the  Plane  of  the  Earth’s  Motion,  or  pa¬ 
rallel  to  the  Axis  of  that  Plane.  Now  the 
Earth’s  Axis,  thus  inclined,  is  every  where  pa¬ 
rallel  to  itfelf;  that  is,  the  Angles  N rA  in  the 
firft ,  and  Ns  A  in  the fecond ,  N  &  A  in  the  thirdx 
and  NvyA  in  the fourth  Pofition  of  the  Earth, 
are  all  equal  to  each  other,  and  fo  are  equal  in 
every  other  Pofition  through  its  Orb.  The 
Quantity  of  this  Inclination  or  Obliquity  of  the 
Earth’s  Pofition  is  66  Degrees  30  Minutes, 
equal  to  the  Angle  NrR,  &c.  Nowit  is  evi¬ 
dent,  that,  by  Means  of this  parallel  Inclination 
of  the  Earth,  the  North  and  South  Parts  of  the 
Earth,  or  its  Poles  N  and  S,  will  be  fometimes 
nearer  the  Sun,  fometimes  farther  off,  and 
fometimes  each  Pole  will  be  equally  diftant 
from  the  Sun  j  and  from  hence  we  fliall  fee  the 
Reafon  of,  and  how  the  Seafons  are  all  pro¬ 
duced.  For,  1.  In  the  firf  Pofition  of  the 
Earth  in  Aries  y*9  about  the  12th  of  September , 
and  in  the  third  Pofition  in  Libra ,  in  March 
the  10th,  it  is  evident  the  Sun'  doth  there  en¬ 
lighten  the  Earth  from  Pole  to  Pole,  or  the 
Circle  bounding  Light  and  Shadow  doth  then 
pafs  through  the  Poles,  and  confequently  at 
equal  Diftances  from  the  Equator  i£Q^(in 
which  the  Sun  then  appears)  the  Sun’s  Heat 
will  be  equal  on  both  Sides  •,  and  thus  an  JS- 
quality  of  Days  and  Nights,  joined  with  a  mean 
Proportion  of  Heat,  conftitute  thofe  two  Sea- 
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/oris  of  the  Year,  we  call  Spring  and  Autumn . 
2.  Again,  in  the. fourth  Pofition  of , the  Earth 
in  about  the  10th  of  yuney  when  the  Sun 
will  appear  in  the  oppofite  Sign  Cancer  it 
is  plain  the  North  Pole  Ns  and  all  the  Parts 
about  it  to  the  Diftance  of  A,  will  be  fituated 
nearer  towards  the  Sun  than  before ;  and  all  the 
South  parts  removed  farther  from  the  per¬ 
pendicular  Rays  thereof.  The  perpendicular 
Rays  of  the  Sun  here  fall  on  R,  which  is 
diftant'  from  the  Equator  Q  Northward  230 
go  ;  and  therefore  all  Places  in  North  Lati¬ 
tude,  receiving  the  Sun’s  Rays  nearer  their 
Vertex >  or  Zenith  9  will  find  a  greater  Degree 
of  Heat,  and  a  longer  Continuance  of  his  Light 
by  Day,  and  therefore  have  now  their  Summer , 
as  at  Lon  doily  while  all  the  Inhabitants  of 
Southern  Latitude  have  their  Winter .  3. 

Laftly,  in  the  fecond  Pofition  of  the  Earth  in 
'2-,  the  Sun  will  feern  in  Capricorn  yp:  It  is 
manifeft  the  North  Parts  will  here  be  in  Dark- 
nefs,  and  have  their  Winter ,  as  they  in  South 
Latitude  had  theirs,  in  the  laft  Pofition  \  that 
is,  by  being  removed  farther  from  the  Perpen¬ 
dicularity  of  the  Sun’s  Rays  ;  and  under  the 
Obliquity  of  the  Sun’s  Rays  the  Heat  is  dimi- 
uifhed,  and  alio  the  Duration  of  his  Light  by 
Day  ;  which  together  muft  caufe  Winter  in 
all  the  Northern  Latitudes.  I  hope  you  have 
underftood  me  through  this  long  Harangue  ? 

A,  Indifferently  I  have;  and  can  eafily  fee 
from  this  Scheme  the  Reafon  why  we  muft  have 
thofe  VichTxtudes  of  Seafons,  as  you  have  ex¬ 
plained  it :  But  I  really  thought  Summer  had 

been 
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been  occasioned  by  the  Sun’s  being  very  near 
us,  and  the  Winter  by  his  going  farther  from 
us,  till  I  faw  you  affign  other  Reafons  for  it. 

B.  Aye,  that  is  the  general  Miftake  of  com¬ 
mon  People,  they  think  the  Sun  is  really 
nearer  in  Summer ,  and  farther  off  in  Winter : 

•r 

when  the  truth  is  juft  the  contrary,  for  the 
Sun  is  much  nearer  in  the  Winter  toourEarth 
than  it  is  in  the  Summer. 

A.  This  is  a  Jirange  Paradox ,  indeed;  pray 
how  do  you  make  it  out  ? 

B.  Nothing  is  more  eafily  proved  ;  for  look 
once  more  on  the  Scheme,  and  heed  it  well, 
and  you  will  fee  the  Earth’s  Orb  is  not  a 
Circle ,  but  an  Oval ,  whofe  longer  Diameter  is 
'O  S  yp,  in  which  the  Sun  is ;  but  much  nearer 
$,  in  which  the  Earth  is  at  Winter ,  than  yp9 
its  Place  in  Summer . 

A.  I  underftand  you  very  well.  Sir ;  you 
mean,  the  Diftance  SP  is  lefs  than  the  Diftance 
SR;  which  I  did  not  before  obferve  indeed, 
though  I  might,  for  it  is  obvious  enough. 

B .  It  is  right,  I  fee  you  apprehend  me  well  ; 
and  therefore  you  will  alfo  underftand,  that 
the  Simmer  half  Year  is  foinewhat  longer  than 
the  Winter  half  Year  f  that  is,  the  Part  of  the 
Earth’s  Orb  ~  y?  V  is  greater  than  the  other 
Part  ®  £:  t,  and  therefore  more  Time  will  be 
requifite  to  pafs  the  Summer  half  Year  than 
the  W ! mter>  by  about  eight  Days ;  and  hence, 
alfo,  the  Sun  will  feem  to  move  fomewhat 
flower  in  the  Summer  than  in  Winter* . 

*  f°r  a  much  larger  and  clearer  Illuftration  and  Reprefenta- 
tion  of  thefe  Matters,  fee  my  large  Print,  entitled,  Synopsis 
Sciewtj/e.Coelestis;  or,'  The  Knowledge  of  the  IJEJFENS 
and  the  EARTH  difplayed. 
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A.  Ml  thefe  Things  evidently  follow  indeed* 
Sir,  from  the  Confidcration  of  theEarth’s  Orbit 
being  an  EUipfis  :  But  I  am  not  fully  fatisfied 
about  the  Son’s  Heat  being  fo  weak  and  faint 
in  the  Winter,  when  the  Sun  is  really  neared 
to  us ;  and  fo  very  ftrong  and  intenfe,  when 
the  Sun  is  really  farther  by  much  from  us, 

B.  You  will  foon  fee  the  Keafon  of  that  when 
you  coniider,  i.That  it  is  not  the  Rays  which 
fall  on  os,  but  thofe  which  are  reflected  back 
from  the  Earth’s  Surface,  that  chiefly  heat  us. 
2*  That  thofe  which  fall  on  us  mod  diredly, 
or  neared  to  the  Perpendicular,  are  the  mod  in 
Quantity, and  ad  on  us  with  the  greated  Force: 
Thus,  in  Fig.  XXXil.  on  Plate  XXI,  fronting 
Page  234,  the  Rays  of  the  Sun,  on  the  longed 
Day  of  Summer i  fall  on  London ,  under  the  An¬ 
gle  TLO,in  Spring,  or  Autumn,  under  the  An¬ 
gle  fELO,  and  in  the  Midft  of  Winter ,  under 
the*4ngle  VLO,  and  the  Quantity  of  thofe  An¬ 
gles  are  refpedively  65^,  38°  30*,  15°;  where¬ 
fore  the  Force  of  the  Sun’s  Rays,  in  each  of 
thofe  Cafes,  dial!  be  proportioned  to  the  Sines 
of  thofe  Angles,  which  are,  as  88294,62251, 
and  258811  that  is,  10,7  To?  3?  nearly,  for  thofe 
Numbers  are  in  Proportion  to  the  Sines  TA, 
MB,  and  VC,  of  the  aforefaid  Angles  :  The 
Quantity  of  the  Rays  alfo  falling  on  the  fame 
Extent  of  Surface  is  greater  orfmaller,  as  their 
Obliquity  is  Idler  or  greater,  and  fo  the  Intern 
fity  of  Heat  is  greater  and  fmaller ;  and  there¬ 
fore  the  Sunbs  Heat  in  Winter  mud  be  weak- 
eft,  becaufe  then  the  Sun’s  Rays  fall  mod  ob¬ 
liquely  on  us.  Befides,  3.  That  Rays  of  the 
Sun  pais  through  a  much  greater  Part  of  the 
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Atmofphere  in  the  Winter  than  in  Summer  (as 
is  evident  from  viewing  the  fame  in  the  fecond 
and  fourth  Poiition  of  the  Earth  in  the  Scheme J 
and  therefore  muft  be,  when  arrived  to  us  at 
L,  more  weak  and  faint,  in  the  firft,  than  in 
the  latter  Cafe  *.  A*  Sir 


*  1.  The  Numbers  above,  ws,'  10,7^,  3,fnew  the  comparative 
Intenfity  of  Heat  of  the  Sun’s  Rays,  under  the  feveral  Altitudes 
TO,  JEO,  and  VO,  limply,  or  in  themfelves  conlidered ;  but  if 
we  would  know  what  Proportion  all  the  Heat  of  one  whole  Day 
hears  to  all  the  Heat  of  any  other ,  it  is  a  Problem  of  another  fort. 

2.  This  Proportion  is  expreffed  by  the  Areas  of  two  Figures 
ABC  and  DEF  (in  Fig.  LXI.  on  Plate XX,  fronting/,  233.)  the 
B-afes  of  which,  AB  and  DE,  are  the  Times  of  the'  Sun’s  Con¬ 
tinuance  above  the  Horizon  ;  and  the  Perpendiculars  erected 
thereon,  and  conne&ed  by  the  Curves  ACB  and  DFE,  are  the 
Times  of  his  feveral  Altitudes  for  the  given  Days ;  that  is,  the 
Heat  of  one  Day  is  to  the  Heat  of  the  other,  as  the  Sum  of  all 
the  Sines  of  the  Sun’s  Altitude  on  the  firft  Day,  is  to  the  Sum 
of  all  the  Sun’s  Altitudes  on  the  other. 

3.  But  to  exprefs  this  more  readily  for  any  Day,  the  incompa¬ 
rable  Dr,  Halley  has  invented  a  general  Rule  or  Canon,  which 
he  has  given  with  itsDemonftratjon  in  Philofoph.Tranf^0  203, 
which,  as  being  very  curious  and  important,  I  lhail  here  ex¬ 
plain  and  exemplify. 

4.  The  Rule  is :  Multiply  the  Sum  of  the  Sines  of  the  Meri¬ 
dian  Altitudes  in  any  two  oppolite  Parallels  into  the  Sine  of  the 
Semidiurnal  Arch  ;  alfo  multiply  their  Difference  into  the  fame 
Sine  ;  the  Sum  of  thefe  two  Products  for  the  Summer,  or  their 
Difference  for  the  Winter,  is  as  the  Sum  of  all  the  Sines  of  the 
Sun’s  Altitude,  or  as  the  Heat  of  the  Day  propofed. 

5.  For  Example  :  Let  the  Proportion  of  Heat  be  fought  for 
the  10  th  of  June  and  December ,  when  the  fun  is  in  the  Tropics 
pf  Cancer  and  Capricorn ,  for  the  Lat  of  5  i°  32'.  Then, 

Nat.  Sines* 

The  Sun  in  Cancer,  Mer.  Altitude  is  TO=:6iQ  58'”, 882674. 

TheSun  in  Capricorn,  Mer.  Altitude  VO1Z140  58' —  ,2382^-7 

The  Sum  of  thefe  Sines  is  —  —  1,140931 


Their  Difference  is 
The  Mot.  from  12  to  6  is 
The  Afcen.  Diff.  is  then 
The  Sum  is  the  Semidiur.  Arch 
for  the  Summer  Day 
The  Diff.  is  the  Semidi.  Arch 
for  tfye  Winter  Day 


90°  o'~TG  ; 

330  1 1— GX ; 

|  i23n  n'=TX 

|  56%!?'= vz 


0,624417 


Sine 

0,836923. 

Again, 
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A.  Sir ,  you  need  fay  no  more  5  lam  fuffi- 
ciently  convinced  there  is  abundant  Reafon  for 

the 


Again,  the  Radius  being  ■ — —  — ■  i.coogoo 

The  Circumference  of  the  Circle  will  be  ^6,283185 

And  the  Meafureof  the  Summer  Archie^0  n  1  ~  2, 149955 
And  the  Meafure  of  the  Winter  Arch  56°  4 9 7  000,99 1683 

6.  Having  thus  prepared  the  Numbers,  then,  according  to 
the  Rule  the  Produdl  of  1,140931  by  0,836923  added  to  the 
Product  of  0,624417  by  2, 149955,  is  equal  to  2,29734,  which 
expreffes  the  Heat  of  the  Summer’s  Day.  In  like  manner, 
1,140931  by  0,836923  fubtrafted  from  0,624417  by  0,991683, 
leaves  0,33895  for  the  Heat  of  the  Winter’s  Day.  But  thefe 
two  Numbers  2,29734  and  0,33895  are  to  each  other  very 
nearly  in  the  Ratio  of  7  to  1,  which  fhews  that  the  Quantity 
of  Heat  on  June  the  10th  is  feven  Times  greater  than  that  on 
December  the  10th,  all  other  Circumftan'ces  being  alike. 

7.  According  to  this  Rule  Dr. 

Keill  has  computed  the  Heat  of 
the  Sun  for  every  live  Degrees  of 
its  Declination  North  and  South , 
at  the  Latitude  of  5  a0  o* as  in  the 
Table  here  adjoined. 


Sun’s  De¬ 
clination. 

North 

South. 

0 

1.25824 

1 .25864 

5 

1  *47393 

1.04839 

10 

1.69293 

0.84508* 

*5 

1,91 489 

0.65091 

20 

2  1 1 919 

3-4S9l6 

23^; 

2.29910 

0.37980 

8.  Dr.  Halley  did  alfo  from  this ' 
Rule  calculate  the  annexed  Table, 
fhewing  the  Degree  or  Quantity  of 
Heat  at  every  ten  Degrees  of  La¬ 
titude  for  the  Equinoctial  and  Pro- 
peal  Sun  both  Slimmer  and  Win¬ 
ter  from  whence  alfo  an  Eilimate 
may  be  made  for  the  intermediate 


Degrees 


Lat. 

Sun  in 

Sun  in 
© 

Sun  in 
V? 

0 

20000 

18341 

18341 

10 

19696 

20290 

*5834 

20 

18794 

21 737 

13166 

3° 

5  732  1 

2265  1 

10124 

40 

15221 

23048 

6944 

5° 

12855 

22991 

3798 

60 

10000 

22773 

1075 

70 

6840 

23543 

000 

80 

3473 

H673 

000 

90 

cooo 

25°i  5 

coo 

9.  From  thefe  twoTables  Dr.  .Keill has  wellobferved  the  Ad¬ 
vantages  arifmg  from  theprefent  oblique  Courfe  of  the  Sun  in  the 
Ecliptic,  above  what  could  have  been  enjoyed  had  theEarth  had 
x  right  P option,  or  the  Sun  moved  continually  in  the  Equinoctial 
hine-n  &s  Dr.  Burnet ,  and  fome  other  Theorijls ,  pretend  it  did. 

10.  For 
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the  Differences  of  Light  and  Heat,  and  all  the 
Variety  of  Seafons  through  the  Year,  though  I 
never  was  fo  happy  as  to  underftand  it  before: 
We  will  now  proceed  to  difcourfeof  the  inter¬ 
nal  Sub ftance  of  the  Globe,  if  you  pleafe  ;  for 
I  have  feveral  Matters  of  great  Importance  to 
enquire  of  you  about,  relating  to  its  Con  fit  n- 
tion ,  Texture,  and  various  conjlitvent  Parts . 

B .  Sir,  none  will  more  gladly  take  the 
Pleafure  to  refolve  you,  according  to  the  Judg¬ 
ments  of  the  belt  Philofophers  of  the  Age, 
than  your  humble  Servant :  Pray  therefore 

make  a  Beginning. 

«•  4 

10.  For  from  the  firft  Table  it  is  evident,  the  Sum  or  total 
Beat,  which  the  Earth  receives  in  Lat.  5  iL'  N.  while  the  Sun 
defcribesany  twooppofite  Parallels,  is  greater  than  the  Heat 
of  two  Equinoctial  Days  there  ;  for  Example,  the  Heat  of  the 
Sun  in  the  20th  Degree  of  North  Declination  is  2,13919,  and 
in  the  20th  Degree  of  South  Declination,  it  is  0,46916,  the 
Sum  of  boththefe,  is  2,60835,  which  is  greater  than  2,51728, 
the  double  of  the  Heat  of  an  Equinodtiai  Day  1,25864.  And, 
by  the  fecond  Table,  it  appears  all  Latitudes  beyond  45  De¬ 
grees  enjoy  this  Benefit,  and  they  alone  need  it. 

u.  Again,  the  fame  Gentleman  proves  that  the  Torrid  Zone, 
and  to  near  46  Degrees  in  the  Temperate  Zones,  the  Heat  of 
the  Sun  is  lefs  in  the  prefent  Cafe  than  it  would  havd  been  in 
the  other.  Thus  the  Sun’s  Heat  deferibing  both  the  Tropicks, 
to  thofe  under  the  Equator ,  is  twice  the  Number  18341,  *viz 
36682  :  but  the  Heat  of  two  Equinoctial  Days  is  40000, 
which  is  a  great  deal  more  than  the  other,  and  therefore  the 
prefent  Pofitionof  the  Earth  is  moll  convenient  for  them,  .and 
confequently  for  all  the  people  of  the  Earth,  and  proves  it  to 
be  that  which  it  firft  received  from  the  Hands  of  its  All-wife 
former.  See  Dr.  Krill's  Exam,  of  Dr,  Burnet's  Theory  cf  the 
Earth,  p.  70  to  76. 
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CHAP.  II. 

Geography,  or  the  Phiilosophy  of  the 
Constitution,  Texture,  and conjlitu- 
ent  Parts  of  the  Earth,  defcrihing  the 
various  Strata’s  of  Earths,  Fossils, 
Minerals,  Metals,  Stones,  and  other 
fubterraneous  Substances. 

■d.  IFjRAY,  what  is  the  interna?  Make  and 
JL  Conftitution  of  the  Globe  of  our  Earth? 
B.  The  Earth,  generally  fpeaking,  is  con- 
ftituted  of  the  two  Subfiances  of  Earth  and 
W ater ;  the  W ater ,  as  the  lighter  Part,  poflef- 
fing  the  greateft  Part  of  its  Superficies  ;  and 
the  Earth  being  the  heavier  Body,  making  up 
the  internal  Coropofition  j  about  which  it  is* 
I  prefume*  you  here  fojely  enquire  ** 

A.  Yes,  what  I  would  know  is,  of  what  the 
internal  folid  Body  of  the  Earth  doth  confift  ? 

B.  To  this  I  can  only  anfwer,  that  fo  far  as 
it  is  within  our  Scrutiny  near  the  Superficies, 
we  find  it  to  confift  of  different  Strata ,  or  Lay¬ 
ers  of  Earths ,  Minerals ,  Metals ,  Ores ,  Stones, 
and  various  other  compound  Bodies  both  hard 
and  fort:  But  what  the  more  internal  Parts  or 
Compofition  of  it  may  be,  we  can  tell  but  very 
little  :  However,  the  deeper  you  go,  the  folider 
and  more  compadt  you  find  its  Matter  to  be, 
and  the  more  firmly  and  ftrongly  does  it  co¬ 
here  together ;  yet  it  is  very  certain,  that  with¬ 
in  the  Entrails  of  the  Earth  are  many  Caverns, 
Receffes,  W indings, Conveyances,  and  vaft  Re- 

See  a  noble  Defcription  of  the  firlt  Formation  of  the  Earth 
and  the  Heavens  from  their  Chaotic  State,  in  Ovid’s  Princip. 
Metamorpn.  inb.  I.  and  Milton’s  Paradife  Loll.  Book  III.  ver«. 
f  09 ;  and  Book  VIL  ver.  216,  to  the  End. 
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ceptacles  of  Water ,fn!phureous  Subflancesf&cc. 
which  are  often  the  Caufe  of  Earthquakes ,  and 
fupply  Vulcanoes  with  their  fiery  Eruptions,  as 
Mount  /. Etna ,  &c 

A .  What  do  you  fuppofe  to  be  in  the  very 
Middle  of  the  Earth ;  that  is,  in  and  about  its 
Center  ? 

B .  No  body  can  certainly  tell;  the  Earth's 
Center  is  near  400  Miles  from  us,  and  we  can 
penetrate  towards  it  but  a  few  Fathoms;  how 
very  unlikely  then  is  it,  we  fhould  know 
any  Thing  at  fuch  a  vaft  and  impervious 

*  Sir  Ifaac ,  mentioning  feveralExperiments  made  with  com- 
buftible  and  explolive  Subftances,  fays;— £‘  By  thefe  Experi- 
“  ments  compared  with  the  great  Quantity  of  Sulphur  with 
“  which  the  Earth  abounds,  and  the  Warmth  of  the  interior 
“  Parts  of  the  Earth,  and  hot  Springs ,  and  burning  Mountains , 
“  and  with  Damps,  mineral  Corufcations,  Earthquakes ,  hotfuffo- 
<£  eating  Exhalations ,  Hurricanes ,  and  Spouts ,  we  may  learn, 
££  that  fulphureous  Streams  abound  in  the  Bowels  of  the  Earth, 
“  and  ferment  with  Minerals,  andfometimes  take  Fire  with  a 
££  fudden  Corufcation  and  Explojion ,  and  if  pent  up  in  fubterra- 
(t  neous  Caverns,  burft  the  Caverns  with  a  great  Shaking  of 
t£  the  Earth,  as  in  fpringing  of  a  Mine.  And  then  the  Vapour 
**  generated  by  Explolion,  expiring  through  the  Pores  of  the 
“  Earth,  feels  hot  and Juj/o  cates,  and  makes  Tempe/ls  and  Hur- 
££  ricanes ,  and  fometimes  caufes  the  Land  to Jlide ,  or  the  Sea  to 
“  boil,  and  carries  up  the  Water  thereof  in  Drops,  which  by 
“  their  Weight  fall  down  again  in  Spouts.  Alfo  fom e JuJ- 
“  phureous  Streams ,  at  all  Times  when  the  Earth  is  dry, 
“  afeending  into  the  Air,  ferment  there  with  nitrous  Jcids,  and, 
<£  fometimes  taking  Fire,  caufe  Lightning  and  Thunder ,  and 
“  other fiery  Meteors Optics,  Book  III.  Query  31. 

See  feveral  furprizing  Accounts  of  Water-Spout  s'm  the  Medi- 
terranean ,  in  Philo/.  Tranf.  N°  277.  Two  in  Yorhjhire ,  N°  281, 
284.  One  in  Lancajhire ,  N°  363.  Another  in  the  Donjons, 
N°  270.  That  the  Reader  might  have  fome  Idea  of  thefe 
Spouts,  I  have  here  given  the  Figure  of  one,  Fig .  LXII.  on 
Plate  XX,  fronting  p.  233,  where  AB  is  the  Cloud  whence  pro¬ 
ceeds  the  curved  black  Spout  C ;  D  is  the  Water  of  the  Sea, 
which  at  the  Spouting  of  the  Cloud  boils  up,  and  rifes  in  the 
Form  of  a  folid  Pillar  to  meet  the  Spout ;  GG  is  the  Water  of 
the  Pillar,  or  Column  D,  fcattered  round  about  the  fame  like 
Smoke  or  the  Fallingofay^/^/^^jEFis  theSurfaceof  the  Sea. 

Did ance  ? 
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Diftance?  However,  the  learned  Dr.  Halley  has 
made  it  very  probable,  that  a  great  magnetic 
Body ,  or  Load -St one,  doth  poffefs  the  central 
Parts  of  the  Earth ;  which  occafioneth  the 
Variations  and  Declinations  of  our  magnetic 
Needles ,  which  always  conform  themfelves  to 
the  Site  and  Direction  of  this  central  Magnet , 
or  Load-Sione  ;  which  is  fuppofed  to  deviate 
from  the  North  and  South  Points,  and  from 
the  horizontal  Pofition,  with  refpedt  to  us 

A.  If  that  be  fo,  it  is  very  wonderful,  and 
a  noble  Difcovery  :  But,  pray,  what  is  it  binds 
the  feveral  Parts  of  the  Earthy  or  makes  them 
cohere  focldfely  together  ? 

B .  The  Coherence  of  the  Earth  is  entirely 
owing  to  the  Power  of  Gravity,  or  the  Weight 
of  its  confiituent  Parts. ;  whence,  as  I  before 
faid,  it  is  reafonahle  to  believe  the  mod  weigh¬ 
ty  and  folid  Bodies  lie  neareft  the  Centre  of  the 
Earth ,  as  being  the  Centre  of  Gravity  itfelf. 

A,  Well  then,  firice  the  more  interior  Parts 
of  the  Earth  are  fo  little  known,  weleave  them, 
and  content  ourfelveswith  what  is  to  be  known 
near  the  Superficies  of  it  on  which  we  live  -y 
and,  pray,  what  do  you  firft  obferve  thereof? 

jj.  That  it  does  confift  of  Bodies  of  a  he¬ 
terogeneous  or  different  Nature  intermixed 
with  one  another  of  different  fpecific  Gravi¬ 
ties,  difpofed  in  Manner  of  Beds ,  which  are 
failed  Strata  or  Layers  of  Earthy  Stones ,  Mi¬ 
nerals,  &c.  one  under  another. 

*  See  a  large  Differtation  on  this  Subject,  and  {he  whole 
Theory  of  the  Mczgrttitical  V aviations  of  the  Needle ,  by  the  faid 
learned  Dr.  Halley ,  in  Philo J  Tranf  N°  14.8  and  195’  or 
fame  tranferibedinto  Harris’s  Z,mVoK,underthe  Word  A anaiion . 

A.  Pray 
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^  Pray  in  what  Order  do  thefe  Strata ,  or 
Beds  of  Earth ,  &c.  lie  among  themfelves  ? 

,6.  That  they  do  not  lie  in  Order  of  their 
fpecific  Gravities,  is  evident  (and  fo  not  every 
where  alike)  from  the  order  of  thofe  obferved 
in  digging  a  Well  at  Amjterdam  232  Feet 
deep ;  which  was  thus ;  feven  Feet  of  Garden 
Mould;  nine  of  Turf,  or  Peat ;  nine  of  foft 
Clay  ;  eight  of  Sand  ;  four  of  Earth  ten  of 
Clay ;  four  of  Earth;  ten  of  paving  Sand;  two 
of  Clay  ;  four  of  white  Lome  ;  five  of  dry 
Earth;  one  of  muddy  Earth;  fourteen  of 
Sand;  three  of  a  Sandy  Clay;  five  of  Sand 
mixed  with  Clay;  four  of  Sea-Sand  mixed  with 
Shells;  then  102  of  Clay  together;  and,  laftly, 
thirty-one  of  Lome :  Thusyou  fee  the  different 
Make  of  the  outward  Parts  of  the  Earth , 
which  is  very  different  in  different  Places, 

A.  Pray  how  came  the  Difpofition  of  thofe 
various  Strata, ox  Beds  of  Earth  and  Minerals? 

B.  This  is  not  known  as  to  the  Time ; 
fome  fay  at  the  Creation,  others  at  the  Flood; 
othersfuppofed,  that  in  the  chaotic  State  of  the 
Earth  the  heavier  Bodies  fubfided,  and  lay  in 
this  Order  by  the  Laws  of  Gravitation  ;  but 
Experience  rather  contradicts  than  confirms 
this  Hypothecs. 

A.  What  DiftinCtion,  or  Diviiion,  do  you 
make  of  earthy  Subftances  or  Bodies  ? 

B.  They  may  be  reduced  to  thofe  general 
Heads  :  1.  Earths .  2.  Ores .  3,  Fojfils.  4.  Mi- 

*  See  Varren.  Geog.  Gener.  Lib.  T,  Cap.  7,  Prop.  7.  Alfo 
read  Dr.  Woo  award's  Natural  Theory  of  the  Earth;  and  Dr, 
ArbutbnoCs  Examination  thereof,  and  his  Comparifon  of  Dra 
Woodward  s  and  bteno's  Ilypothefcs,  which  is  well  worth  the 
Reader’s  perufing.  -< 
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nerals.  5.  Metals .  6.  Stones .  7.  Extraneous 
Bodies  or  Subji  antes. 

A .  What  do  you  include  under  the  firfl  ge¬ 
neral  Head  of  Earths  ? 

B.  All  thofe  fofter  earthy  Subfiances  we  call 
Clay ,  Lome ,  Marl ,  Sandy  and  different  Species 
of  Earths y  as  Terra-Japonic  a,  Lemnia9  Arms - 
nia,  &c. 

A .  Pray  what  do  you  think  to  be  the  Caufe 
of  thofe  Differences  of  earthy  Subfiances  now 
mentioned  ? 

B .  The  Reafon  why  they  are  differently 
hard,  foft,  coloured,  qualified,  &c,  arifeth 
from  different  Degrees  of  the  univerfal  and 
fpecific  Properties  of  the  original  confiituent 
Particles  of  Matter,  which  each  different  Spe¬ 
cies  pofTeffeth  in  a  different  Meafure ;  and  this 
is  the  moft  that  can  be  known  of  this  Matter. 

A*  What  do  you  include  under  the  fecond 
Head  of  Ores  ? 

B .  Thofe  Earths  which  contain  confiderable 
Quantities  of  metallic  Particles  being  that 
which  is  dug  out  of  Mines,  and  whence  Me- 
tals  are  extracted,  and  is  denominated  accord¬ 
ingly,  as  Gold-Ore ,  Silver-Ore ,  &c. 

A .  How  came  the  Earth  to  be  enriched 
with  the  Seeds  of  thofe  metallic  Subftances  ? 

B.  No  doubt  by  the  all-wife  Creator,  for 
the  manifold  Ufes  of  Mankind. 

A.  What  terreftrial  Bodies  do  you  intend 
by  Fojjils  ? 

B.  Though  Fojjils  be  a  general  Name  for 
every  Thing  which  is  dug  out  of  the  Earth ; 
yeti  here  intend  thereby,  t. Salts,  2.  Sulphurs , 

and . 
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and  fuch  like  Bodies,  which  cannot  he  fo  well 
reduced  to  the  Heads  of  Minerals ,  Metals ,  and 
Stones 

A .  What  is  the  Nature  of  and  the 
Kinds  of  it  ? 

B.  Salt  (faith  Monf.  LemeryJ  is  a  fixed  in- 
combuftible  Subftance,  that  gives  Bodies  their 
Confidence,  preferves  them  from  Corruption, 
and  renders  Bodies  favoury  more  or  lefs  as 
it  is  diverfly  mixed  in  them  ;  there  are  various 
Kinds  of  Salts,  as  fixed,  volatile,  effential,  and 
foffile ;  and  faline  Subfiances,  as  AUum ,  Borax , 
Nitre ,  Tartar ,  Vitriol ,  and  Sal  Ammoniac^. 

A.  Pray  give  me  fome  fhort  Account  of  the 
Nature  of  thefe  feveral  Kinds  of  Salts. 

B.  I  will,  but  it  mufl  be  very  brief,  for 
want  of  Time. 

*  The  great  Boerhaave  diftributes  Foffils  into  two  Kinds, 
Simple  and  Compound. 

Simple  Foffils  are  fuch  whofe  parts,  howfoever  divided,  are  all 
of  the  fame  Nature ;  that  is,  of  the  fame  Gravity,  Mao-rdtude, 
Figure,  Hardnefs,  and  Mobility;  of  thefe  he  reckons  four 
Sorts,  viz.  Metals ,  Salts,  Stones ,  and  Earths. 

Compound  Eojjils  are  thofe  which  may  be  divided  into  diffe¬ 
rent  or  diffimilar  Parts,  or  are  ofdifrerent  Figure ,  Weight ,  Mag¬ 
nitude,  Sec.  and  thefe  are,  (I.)  All  hard  Sulphurs,  as  Brimftone , 
Arfenic,  Orpiment,  Bitumen,  Afphaltum ,  &c.  (2.)  All  liquid  Sul¬ 
phurs,  as  Difafphaltum,  or  Jew's  Pitch,  Naptha,  Petroleum ,  See. 
(3.)  Semimetals ,  or  Minerals.  (4.)  Bodies  combined  out  of  the 
preceding  Foffils,  either  fimple  or  compound.  New  Method  of 
Chymijlry,  Page  54. 

t  Dr.  Boerhaave' s  Definition  of  Salt  is  this :  Salt  is  a  foffile 
Body,  fufible  by  Fire,  and  congealable  again,  in  the  Cold,  into  brit¬ 
tle  Glebes  or  Cry ft  ah  foluble  withal  in  Water,  fo  as  to  dij appear 
therein  ;  ne  ver  malleable ;  and  having  fomewhat  in  it  which  to  the 
Organ  of  Tafe  affords  a  Senfation  cf  Acrimony  or  Sharpne/s. 
Theor.  of  Chymiftry,  Page  105. 

Alfo  in  Page  u  3,  he  faith,  the  Elements  or  common  Princi¬ 
ples  of  Salt  are  an  acid  Spirit,  and  an  inf pid  Earth,  into  which 
all  are  refoluble  but  the  fimple  Foffils,  as  Salt -Pet re  and  Borax 

CL  3 .  FoJJile 
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1.  FoJJile  Salt,,  is  that  which  is  called  Saif 
Gem,  by  reafon  of  its  Tranfparency,  and  is 
altogether  like  the  Salt  we  ufe  with  Food;  it 
is  dug  out  of  tne  Mountains  in  many  Places, 
as  RziJJia ,  Roland,  Catalonia ,  Perfia,  and  in 
the  Indies* 

2.  Fixed  Salt,  is  that  which  remains  after 
Calcination,  and  doth  not  rife,  or  is  not  rare-* 
fed  and  exhaled  by  Heat. 

V 

3*  Volatile  Fait,  is  that  which  eaiily  rifeth, 
and  flieth  oft  in  infenfible  Steam  and  Vapoury 
fuch  are  the  Salts  of  Animals. 

■4-*  Fffenttal  Salt,  is  that  winch  is  obtained 
from  Hants  by  Cryitallization ;  and  is  a  natural 
Salt  between  fixed  and  volatile. 

$•  Alim,  or  Roch  Alum ,  is  a  very  binding 
Salt,  found  in  the  Veins  of  the  Earth  in  many 
Places  of  Europe',  being  taken  thereoutin  large 
tranfparent  Pieces. 

6.  Borax,  a  green-coloured  mineral  Salt? 
found  in  the  Veins  of  Brafis ,  Silver,  or  Gold 
Ore . 

7.  Nitre,  or  Salt- Pet  re,  is  a  Salt  impreg¬ 
nated  with  abundance  of  Spirits  out  of  the  Air, 
which  renders  it  volatile ;  if  is  found  among  the 
Stones  and  Earths  of  old  Buildings ;  and  is 
fometimes  generated  from  Urine  falling  on 
Stone  S3  &c*  It  is  the  Spirit  of  this  Salt  that 
kindles  the  Sulphur  into  a  Flame  in  Gunpow¬ 
der,  Lightning,  &c, 

8.  Tart  dr,  is  a  terre  ft  rk)  0  s  Matter,  or  earthly 
Salt,  which  fticketh  to  the  Sides  of  VefFels,  be* 
ing  leparated  from  the  Liquor  by  Means  of  its 
Fermentation  ;  as  that  in  Wine  Cajks,  &c. 

9,  Vitriol \ 


.  * 
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9.  Vitriol,  is  a  FoJJil,  compounded  of  an  acid 

Salt,  and  fulphureous  Earth  ;  there  are  four 
Sorts  of  it :  1 .  Blue,  found  in  the  Mines  of  Cop¬ 
per  in  Hungary,  and  IJl$  of  Cyprus.  2.  Green, 
found  in  Germany,  Italy,  and  England \  3* 

White ;  and  4.  Red  Vitriol .  This  laft  was  brought 
to  us  lately  out  of  Germany ,  and  is  called  na* 
tural  Cole ot bar ,  or  Chalcitis . 

10.  Sal  Ammoniac,  is  either  natural  or  ar¬ 
tificial  ;  the  Natural  is  found  in  many  Parts  of 
Africa,  and  very  hot  Places  under  the  torrid 
Zone ;  the  Artificial  is  made  at  Venice,  and 
divers  other  Places. 

A .  Pleafe,  in  the  next  Place,  to  tell  me  what 
Sulphur  is,  and  the  Bodies  you  call  fulphureous . 

B.  Sulphur  is  an  inflammable  Poffil,  found  in 

many  Places  in  Europe,  efpecially  in  Sicily;  is 
of  two  Sorts :  1 .  The  Greyijh,  called  Quick-Sul¬ 
phur  ;  it  is  a  Sort  of  Clay,  apt  to  crumble,  fo ft, 
and  ready  to  take  Fire  ;  it  confiths  of  an  Oil,  an 
acid  Salt ,  and  Earth .  2.  Fellow,  or  common 

Sulphur,  called  Brimfone ;  this  containeth  much 
Oil,  an  acid  vitriolic  Salt,  and  but  little  Earth . 

A .  Pray,  Sir,  what  do  the  Chymifs  mean 
by  that  Principle  they  call  Sulphur ;  not  Brim¬ 
fone  fure,  do  they  ? 

B .  No,  no ;  they  mean  an  Oil,  which  is 
called  Sulphur,  by  Reafonof  its  Inflammability, 
and  is  a  fweet,  iubtile,  undluous  Subfiance, 
which  is  faid  to  caufe  the  Diverlity  of  Colours 
and  Smells,  and  to  give  Beauty  or  Deformity  to 
Plants,©5 c.  according  toitsDifpofition  in  Bodies.' 

A .  What  Bodies  do  you  reckon  amongft 
the  fulphureous  Kind  ? 

CL* 
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B.  Thefe  following  :  Arfenic ,  Bitumen ,  and 
its  various  Kinds,  as  Ambergreafe ,  Afphaltos9 
Napthciy  Amber ;  alfo  Petroleum  it  reckoned 
of  this  Clafs. 

A.  Pray  rehearfe  md  alfo  a  fhort  Account 
of  the  Nature  of  thefe  Bodies. 

j?.  I  defign  it  ;  which  take  as  follows : 

1 .  Arfenic,  is  a  foffile  Subftance,  confiding 
of  much  Sulphur ,  and  fome  caujlic  Salts;  it 
is  of  three  Sorts,  the  white,  or  proper  Arfe- 
nic  \  the  yellow,  called  Auripigmentum ;  and 
the  red,  called  Sandaracha. 

2.  Bitumen,  is  a  Kind  of  Pitch,  or  flimy 
Clay ;  it  is  very  much  of  the  Nature  of  Sul¬ 
phury  being  very  inflammable :  It  is  of  two 
Sorts,  one  liquid,  which  fwimmeth  like  Oil  on 
Water;  the  other  more  hard  and  compact,  is 
dug  out  of  the  Earth. 

3.  Ambergreafe,  is  a  Kind  of  Bitumen,  found 
in  many  Places  on  the  Sea-fhore ;  it  grows  hard 
in  the  Sun-Beams;  the  beft  Sort  is  gray  when 
dry,  eafily  foftens  in  the  Heat,  and  appears 
blackith  when  wet. 

4.  Afphaltos :  This  is  that  flimy  bituminous 
Subftance,  of  a  purple  Hue,  which  is  found 
in  the  Lake  of  Sodom ,  or  Dead-Sea,  in  the 
Land  of  Pal  fine ;  from  whence  its  Waters 
are  faid  to  ftink  to  that  Degree,  than  no  Fifli 
can  live  in  them,  nor  the  Birds  in  the  Air 
fly  over  them,  and  live. 

5.  Naptha,  is  another  Sort  of  Bitumen ,  be¬ 
ing  liquid ;  but  fomewhat  more  apt  to  tak& 
Fire,  and  is  more  hardly  extinguifhed. 

6.  Am«* 
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6.  Amber ,  is  alfo  a  kind  of  coagulated  Bf~* 
lumen ;  though  it  is  evident  its  firft  State  is  foft 
and  vifcous,  from  the  Flies,  Ants,'  Straws,  &c, 
found  in  its  Texture ;  it  is  different  in  Colour, 
as  white,  yellow,  and  black;  is  found  in  fmall 
Currents  near  the  Baltic  Sea ,  and  the  Dutchy 
cf  Pruffia:  It  hath  an  eledtric  Property  ;  for, 
being  rubbed,  it  will  attradt  Hairs,  Feathers, 
Straws,  &cy 

7.  Petroleum ,  or  Oil  of  Peter ,  is  of  a  ful- 
ph  ureous  Nature ;  it  didils  through  the  Clefts 
of  Rocks  in  Italy,  Sicily,  and  Provence;  and 
feems  to  be  an  Oil  of  lorne  Bitumen ,  which 
the  Jlibterranean  Fires  have  raifed. 

A ,  Sir ,  I  thank  you  :  I  fhould  be  glad,  in 
the  next  Place,  to  be  informed  a  little  of  thofe 
Bodies  of  the  fourth  Head,  called  Minerals . 

B.  Thofe  are  fuch  Sort  of  FoJ  Ills  as  are  not 
inflammable,  norcjudtile,  nor  to  be  melted,  or 
liquefied  ;  but  are  hard  and  brittle,  may  be  re¬ 
duced  to  a  Powder,  or,  by  Fire,  calcined  to  a 
Calx;  of  which,  the  following  are  molt  worth 
Notice. 

1 .  Marpafjite ,  or  Bifmuth ,  is  a  metallic  Mat¬ 
ter,  white,  fmooth,  hard,  brittle,  (harp  ;  is 
of  a  fulphureous  Nature,  like  to  Tin  ;  it  is 
difpofed  into  Facets,  or  fhining  Scales,  like 
Pieces  of  Glafs  ;  hence  called  Tin-  Glafs. 

2.  Antimony  is  a  Mineral,  confiding  of  a 
Sulphur ,  and  a  Subdance  approaching  to  that  of 
Metal,  containing  alfo  (as  it  is  thought  from 

emetic  Quality)  a riacid  Salt ;  it  is  found  in 

0^3  divqr$ 
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divers  Places,  in  Franfylvania,  Hungary, 
France ,  and  Germany . 

3.  Cinnabar  is  a  Mineral,  confifting  of  a 
Mixture  of  ^uickfllver  and  Sulphur,  fublimed 
together  by  Means  of  a  fubterranean  Heat,  in 
the  fame  Manner  as  the  Chymifls  make  artificial 
Cinnabar  ;  it  is,  while  in  the  Lump,  of  a 
brownifh  Colon  14  but,  when  powdered,  is  of 
a  very  high  red. 

4.  Chalk  is  a  mineral  Earth,  of  a  bituminous 
Quality,  yet  is  an  alkali  Salt ;  is  of  a  foft  and 
friable  Texture  in  many  Places ;  and  in  others 
of  a  hard  and  maffy  Subftance,  called  Quarry  3 
it  every  where  abounds  in  Hills,  Ridges  of 
Mountains,  and  other  Places. 

5.  Coal  j  this  is  a  Mineral,  confifting  of  Sul¬ 
phur  in  great  Quantities,  mixed  with  a  terref- 
trious  Subftance  ;  it  is  a  Kind  of  a  rejinous  Bi~ 
tumen ,  of  a  middle  Confiftence,  not  eafily  in¬ 
flammable,  yet  will  run  and  melt  with  Heat  3 
its  Texture  is  not  foon  deftroyed  by  Fire,  but 
is  thereby  at  laft  reduced  to  a  Calx,  or  Cinder ; 
it  is  dug  in  great  Quantities  out  of  the  Earth 
in  England ,  and  other  Places,  and  ferves 
chiefly  for  Fuel 

A .  What  is  the  proper  Nature  of  Metals  ? 

B .  A  Metal  is  a  Ample  foflile  Body,  that 
fufes  and  becomes  fluid  by  Fire ,  and  by  Cold 
coagulates  and  hardens  into  a folidMafs ,  capable 
of  diflending  under  the  Hammer.  The  Bodies 

*  The  Principles  of  all  FofTils  (fays  the  fame  learned  Author) 
are  (5)  Mercury ,  as  the  Bafts  of  many  cf  them.  (2)  A  fubtile 
Sulphur ,  which  coagulates  or  fixes  the  Mercury.  (3,)  Salt ; 
and  4)  Earth*  Theor.  of  Chymiflry,  Page  135. 
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to  which  this  Definition  belongs  in  every  Part, 
are  but  fix  •,  viz.  Gold,  Lead ,  Silver ,  Copper 9 
Iron  and  fin  -,  to  which  the  Chymifts  add 
Mercury,  or  Cfaickfilver ,  tho’  it  feems  to  be  of 
itlelf  a  peculiar  Species  of  Simple  Fojjiis. 

Gold  is  the  noblefl:  of  ail  Metals,  and  is  di« 
flinguifhed  by  the  following  Properties  or  Cha* 
radlerifiics.  1 .  It  is  the  heaviefi  of  all  Bodies  in 
Nature,  and  its  Weight  is  inimitable .  2.  It  is 

the  moll  duBile  and  malleable  of  all  Bodies.  3. 
It  is  the  mod  fixed  and pure,  or  lofes  the  leafi  in 
the  Fi  re,  of  any  Bodies.  4.  It  requires  a  vehe¬ 
ment  Fire  to  fufe  it,  tho5  lefs  than  Iron  or  Cop¬ 
per.  5.  It  is  diffolvable  in  no Menfiruum  but 
Aqua  Regia  and  Mercury .  6.  It  readily  and 

fpon taneoufly  attracts  and  abforbs Mercury.  ya 
It  does  not,  when  fufed  with  Lead  and  Anti¬ 
mony,  difpofe  or  fly  off  with  them  in  Fume,  bu£ 
remains  fixed.  8.  Its  Sound  when  pure  is  not 
clear,  but  rather  obtufie,  like  that  of  Lead.  9.  It 
is  the  Jimp  left  or  freeft  from  Mixture  of  hetero « 
geneous  Farts ,  of  all  Compound  Bodies  yet 
known.  10.  It  is  of  a  fin e  yellow  colour ,  tho’ 
fubjedt  to  alter  and  fade.  1 1.  It  is  found  fome- 
ti me  pure,  in  Glebe  or  Gold  Clods,  as  in  Hun¬ 
gary,  and  Mountains  of  Chili ;  fometimes  in  a 
pure Duft  or  Sand,  as  in  the  Bottoms  of  fome 
Rivers  in  Guinea',  andlaftly,in  whitilh  Clods  dug 
out  of  Mines  1 50  or  1 60  Fathoms  deep,  inter¬ 
mixed  with  other  minerals, Antimony ,  Vitriol, 
Sulphur,  &c.  12.  Gold  is  liable  to  Rufi,  as  is 
found  by  holding  it  over  th eF times  of  Sea  Salt. 
Thefe  are  th eCriterions  of  Gold,  and  are  all  of 


them  always  found  pertaining  to  that  Metal. 

ft.  4  Merfprjr, 
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Mercury ,  by  reafon  of  its  Weight ,  comes 
netft  to  be  conhdered  ;  its  Characters  are,  1. 
That  it  is  the  heaviefl  of  all  Bodies  except  Gold. 
2.  It  is  the  moft  fluid  of  all  Bodies  ;  or  its 
Parts  feparate  and  recede  from  each  other  with 
the  leaft  Force .  3.  It  is  diviflble  into  the  minu - 
tefi  Part  of  any  Body.  4.  It  is  extremely  vo¬ 
latile,  being  convertible  into  Fumes,  even  with 
a  Sand-heat.  5.  It  eafily  penetrates,  and  inti¬ 
mately  adheres  to  Gold  3  not  fo  eafily  to  any 
otherMet&ls  ;  difficultly  to  Copper ;  and  not  at 
all  to  Iron .  6.  Of  all  other  Fluids,  it  is  found 
capable  of  the  greateft  Cold  and  Heat.  7.  It  is 
yet,  by  Reafon  of  its  great  Fluidity ,  incapable  of 
congealing  or freezing.  8.  It  diflolves  in  almoft 
all  Acids ,  and  unites  itlelf  with  them.  9.  It  is 
the  mod  fimple  or  unmixed  of  any  Bodies  after 
Gold.  1  c.It  is  free  from  any  Sharpnefs  ox  Acri¬ 
mony.  1 1  .It  is  found  in  great  Plenty  in  the  Mines 
of  Friuli  in  Italy ,  in  the  Form  of  ruddy  Clods , 
called  Cinnabar ;  in  hard  fony  Glebes  j  and 
lafily,  pure,  called  Virgin  Mercury,  running  in 
Veins  and  Streams  about  in  the  Mine. 

Lead,  as  to  its  Weight,  comes  next;  whofe 
chief  Properties  are,  1.  That,  next  to  Gold  and 
Mercury ,  it  is  the  heaviejl  of  Bodies.  2.  Of  all 
Metals  it  is  the  fojtef,  and  therefore  very duBile 
and  flexible.  3.  It  melts  the  fooneft  of  all  Me¬ 
tals.  4-It  very  eafily  diflolves  in  almoft  all  weak 
Acids,  but  not  fo  readily  in  flrong  ones.  5.  It 
diffipates all  Metals  melted  with  it,  but  Goldand 
Silver,  or  carries  them  ofr  in  Fumes.  6.  Of  all 
Metals  it  is  the  \ez$ifonorous,wnd  diminifhes  the 
Sound  of  others  when  mixed  with  it.  7.  It  hath 
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the  leaft  Elajiicity  of  any  Metal.  8.  It  is  fome- 
times  found  pure ,  but  oftener  in  Mineral  Ore, 
which  is  a  Sort  of  blackifh  fatty  Earth,  difficult 
to  fufe.  Of  Lead  Mines  there  are  abundance 
in  Germany ,  Hungary,  and  England . 

Silver  hath  the  following  Characters.  1 .  It 
is  next  to  Lead  in  Weight .  2.  Its  Fixity  is 

next  to  that  of  Gold.  3.  As  alfo  its  Ductility 
and  Malleability .  4.  Its  Fujibihty  by  Fire  is 

very  eafy,  tho’  more  difficult  than  that  of  Gold 
or  Lead .  5.  It  is  diffolvable  in  Aqua  Forth 

but  not  in  Aqua  Regia .  6.  It  refifieth  the  Force 
of  Lead  in  Fufion,  or  is  not  diffipated  in  Fumes 
thereby.  7.  It  refifis  not  the  Force  of  Antimo¬ 
ny,  but  volatilizes  and  flies  off  along  with  it. 
8.  It  yields  not  much  Sound  when  purified  ; 
being  lefs fonorous  than  Iron  or  Copper, but  more 
than  Gold.  9.  Silver  is  feidom  found  pure-, 
fometimes  in  the  Ore  of  Gold,  Lead,  and  Cop * 
per,  but  ofteneft  in  a  Kind  of  ftony  black 
Glebes,  full  of  fhining  Streaks,  as  in  the 
Mines  of  Peru  and  Chili . 

Copper  is  a  Metal  of  the  following  Proper ~ 
ties  or  Characters.  1.  It  is  next  to  Silver  in 
Weight.  2.  It  is  very  duClile  when  pure.  3.  It 
is  of  a  beautiful  red  Colour,  exceeding  that  of 
Gold.  4.  Its  Fixity  in  the  Fire  is  greater  than 
that  of  Lead  or  Tin,  butlefs  than  that  of  Silver* 
5.  It  is  difficult  of  Fufion,  much  more  than  Sil¬ 
ver  ;  yet  ignites  before  it  fufes,  which  Silver 
does  not.  6.  It  is  diffoluble  by  all  the  Salt  Men- 
ftruums  known,  whether  Acid,  Alkaline,  or  Ni¬ 
trous,  yea  by  Water,  Air,  &c,  7.  If  it  be  dif- 
folved  in  Acids ,  it  turns  Green \  in  Alkali,  Red, 
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and  by  other  Salts,  Blue.  8.  Its  Divifibility  is 
very  great  and  furprizingj  for  one  Grain  dif¬ 
fered,  will  tinge  with  Blue  above  530620 
times  its  Bulk  of  Water.  9.  It flies  off  in  Vapour, 
being  fufed  with  Lead  or  Antimony.  \  o.  It  is 
the  mod  elaflic ;  and  1 1.  The  znofl  fbnorous  of 
all  metals.  12.  Copper  is  every  where  found, 
but  mod  abundantly  in  Sweden  and  Germany , 
where  there  are  whole  Mountains  of  it ;  but 
the  richeft  Ore  is  in  the  Mines  of  Hungary. 

N.  B.  Bra/s  is  made  of  Copper  thus :  They 
calcine  and  pulverize  Calamine ,  and  mix  it 
with  a  little  Charcoal  Duft ;  then,  they  put 
feven  Pounds  of  this  Mixture  into  a  melting 
Pot,  with  about  five  Pounds  of  Copper  over 
itj  then  letting  it  down  in  a  Wind-Furnace, 
al  ter  1 1  Hours,  it  is  drawn  up  again,  the  Bra/s 
being  completed  in  the  Diffolation. 

Iron  is  the  Metal  to  which  the  following 
Characters  belong,  i.  It  is  the  heavicil  of  all 
Bodies  after  Copper .  2.  It  is  the  ka ftduB He,  the 
bar  deft  and  moji brittle  of  all  Metals.  3.  It  is 
very fixed ,  as  to  its  metalline  Part.  4.  It  ignites 
long  before  it  jfuftes ,  and  will  not  Jufte  'without 
Difficulty .  5.  The  more  it  is  ignited,  the  fofter 
and  more  malleable  it  becomes, contrary  to  the 
Nature  of  all  other  Metals.  6.  It  is  diffoluble 
by  aim  oil:  all  Bodies  in  Nature,  that  have  any 
Motion  of  Parts ;  as  Fire ,  Salt,  Air ,  Dew? 
water,  &c.  7.  It  is  extremely  rubiginous ,  or 
apt  to  contrad:  Ruff,  by  the  ABion  or  Corrofton 
of  the  aforementioned  Bodies  upon  it.  8.  If  it 
pe  fufed  with  head.  Antimony,  or  fixed  Salt, 
it  readily  diffipates  into  Fume,  or  vitrefies.  9.  It 

is 
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is  very  f onerous  and  elaftic,  tho’  inferior  In  thefe 
Refpects  to  Copper .  1  o.  Of  all  Bodies,  itisthe 
only  one  attracted  by  the  Loadjlone and  11. 
It  has  a  Kind  of  Magnetifin ,  or  is  capable  of 
attracting  Iron  itfelf.  12.  Iron  is  found  in 
Mines,  which  are  very  common  in  moft  Coun¬ 
tries  in  Europe ;  as  Norway ,  Poland,  Germany r 
France ,  England ,  &c.  and  its  Glebe  or  Mer - 
cajjite  bears  a  near  Refemblance  to  the  Loadjlone. 

Tinis  diftinguiihed  byth tCbaraCleriftics  fol¬ 
lowing.  1 .  It  is  the  light ejl  of  all  Metals ,  and 
the  heavieft  of  all  other  Bodies  befide  them.  2. 
It  is  the  foftejl  of  all  Metals  but  Lead.  3.  It 
has  thz  leaf;  Fixity  in  theFireof  all  Metals, and 
therefore  lofes  the  moft  of  its  Weight .  4.  It  is 

fujible  by  the  lead  gentle  Fire,  and  that  long 
before  Ignition.  5.  It  is  eafily  mifcible  with 
other  Metals,  and  diminifhes their ex¬ 
cept  in  Iron.  6.  It  will  not  dijfolve  in  Acids , 
efpecially Jirong  without  much  Difficulty. 

7.  It  is  the  leaf  fonorous  of  any  Metals  but 
Lead ;  and  yet  it  augments  their  Sound  when 
mixed  with  them.  8.  And  tho’  it  is  in  itfelf 
very  little  elaftic ,  yet  when  mixed  with  other 
elaftic  Bodies,  it  wonderfully  increafes  their 
Elajiicity .  9.  Tin  is  principally  found  in  Corn - 
wall  and  Devonjhire ;  and  its  Glebe  or  Ore  is  a 
heavy  fpongeous  Stone. 

A.  What  are  the  Elements  or  Principles  of 
which  Metals  confiif  ? 

B.  The  Elementary  or  Component  Principles 
of  Metals  are  reckoned  two,  viz.  Mercury  and. 
Sulphur ,  Mercury  as  the  Bafts  or  Matter  of 
the  Metal ;  and  Sulphur  as  the  Binder  or  Ce¬ 
ment, 
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ment9  which  renders  it  fixed  and  malleable/ 
This  Mercury  is  the  fame  as  common  QuickfiU 
very  but  only  the  moft  defecate  and  pure  that  is 
poffible.  But  by  the  Principle  Sulphur  is  to  be 
underftood,  not  the  vulgar  fofjile  Sulphury  but  a 
peculiar  Sort  of  Matter  called  the  Sulphur  of 
Metaly  which  is  fuppofed  to  be  the  Matter  of 
Light  or  Fire,  which  uniting  with  Mercury, 
fixes  it ;  and  according  to  the  different  Degrees 
of  its  Union  and  Coherence  therewith,  it  pro¬ 
duces  different  Sorts  of  Metals;  To  this  may  be 
added,  that  a  Burning -Glafs  will  feparate  a 
trefiable  Earth  from  any  the  moft  perfedt  of 
Metals. 

A.  Well, Sir, I  heartily  return  you  Thanks; 
and  if  you  are  not  tired  with  talking  fo  long, 

I  fhould  next  be  glad  to  hear  you  on  the  Sub. 
jedt  of  the  fixth  general  Head,  viz.  Stones . 

B .  No,  Sir,  I  am  never  tired  on  the, Sub¬ 
jects  of  Mathematics  and  Philofophy;  and 
therefore  I  will  go  on  to  enumerate  fome  of 
the  principal  Stones ,  and  hint  to  you  the  par¬ 
ticular  Properties  of  each  of  them. 

1.  Marble ,  is  a  curious  Subftance,  arifing 
from  an  earthy  Juice,  well  purged,  concodled, 
and  digefted  in  the  great  Laboratory  of  the 
Earth;  a  Body  very  compadt  and  hard,  and  may 
be  calcined  to  Powder,  but  cannot  be  melted. 

2.  Alabafter ,  is  a  Kind  of  Marble,  but  more 
foft  and  friable,  and  is  combuftible  like  Lime, 
but  as  ponderous  and  polite  as  Marble  itfelf. 

3.  Porphyry ,  is  another  Species  of  Marble, 

varioufly  coloured,  fomewhat  lighter  than 
Marble,  yet  very  hard*  4,  Flint* 
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4.  Plint9  is  an  exceeding  hard  Subftance, 
generated  from  the  pellucid  Particles  of  Sand 
compacted  together,  and  indurated  ;  and  may 
be  put  into  Fufion  5  whence  Glafs  is  made. 

5.  Cryftal,  is  a  very  pellucid  tranfparent 
Gem ;  the  mod  pure  is  found  in  the  Tops  of 
Rocks  and  Mountains,  and  dug  out  of  the 
Bowels  of  the  Earth  alfo ;  it  is  not  coloured, 
is  fofter  than  other  Gems,  and  therefore 
(hineth  not  much ;  it  confifteth  of  an  aqueous 
Subftance,  and  is  therefore  eafily  liquefied  and 
converted  into  Glafs,  faith  Cardan . 

6.  Adamant ,  or  Diamond,  is  in  Colour,  and 
Figure  much  like  Cryfial \  generated  in  the 
fame  Manner ;  but  its  Hardnefs  far  exceeds 
that  of  all  other  Bodies ;  for  it  will  cut  and 
penetrate  the  Texture  of  any  of  them ;  it 
has  an  eledtric  Quality,  in  attracting  Straws, 
Feathers,  &c.  being  warmed  by  Attrition^ 

7.  Beryl ,  is  a  Stone,  much  of  the  Nature 
of  a  Cry jialy  of  a  faint  green  Colour  ;  found 
at  the  Root  of  Mount  Taurus ,  in  the  River 
Euphratesy  and  in  the  Indies . 

8.  Smaragdusy  an  Emerald,  of  a  lovely 
Green,  and  of  fo  ftrong  a  Luftre,  that  it 
fhineth  in  the  Light  of  the  Sun  or  Candles ;  it 
is  very  tranfparent,  and  faid  to  tinge  the  Air 
With  its  Greennefs. 

9.  Carbuncle ,  is  a  precious  Stone  of  tranf- 
cendentLuftre ;  being  of  agiowing  fieryColour, 
like  a  burning  Coal,  as  the  Name  importeth. 

10.  Rubyy  fo  named  for  its  noble  red  Colour, 
is  the  moft  valuable  of  all  precious  Stones  next 
the  Diamond  •,  it  is  faid  to  be  firft  white,  and  to 

'  •  erovv 
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grow  red  gradually  from  a  fanguine  Juices 
from  which  it  is  nourished  and  generated  at 
firfh 

1 1 .  Hyacinth ,  or  Jacinth,  is  a  Species  of 
the  Carbuncle ,  of  a  red-lead  Colour;  it  having 
its  Name  from  a  Flower  of  the  fame  Colour. 

1 2.  Amethyjl ;  this  is  near  the  Nature  of  a  a 
Hyacinth ,  is  of  a  purple  Colour,  arifmg  as  it 
were  from  a  Mixture  of  Red  and  Blue  •,  they 
are  very  hard,  and  the  harder  the  better. 

1 3 .  Sapphire  (from  the  Hebrew  fpecious , 
beautiful )  is  a  precious  Stone  of  a  lovely 
Azure,  or  fky-coloured  Blue,  found  in  many 
Places  in  the  Indies. 

14.  Top  az ;  this  precious  Gem  is  reckoned 
to  excel  among  all  thole  which  ihine  with  a 
golden  Colour. 

15.  Sardine,  a  Gem  called  the  Cornelian , 
or  Cornelian  Stone ,  from  its  flefhy  Colour  ;  the 
bell  is  found  in  Sardinia,  whence  the  Name. 

16.  Onyx,  a  Gem  partly  pellucid,  fo  called, 
becaufe  it  expreffeth  the  human  Nail  in  Co¬ 
lour  and  Splendor. 

17.  Sardonyx,  is  a  precious  Stone,  fome- 
what  pellucid,  and  is  thus  named,  as  if 
made  up  of  a  Sardius  and  Onyx  together ;  it  is 
diffinguilhed  madly  by  blaek,  white,  and 
fanguine  Circles. 

1 8.  Chalcedony,  was  formerly  reckoned  a 
Sort  of  Carbuncle,  but  is  now  referred  to  the 
Onyx;  it  is  very  hard,  and  of  a  light  cloudy 
Colour  through  its  whole  Body. 

19.  Achate ;  this  is  an  opake  Gem,  yet 
fparkling  by  reflected  Light;  and  by  various  co- 

*  loured 
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Soured  veiny  Lines,  refernbles  Trees,  Rivers* 
Animals,  GV.  beautifully  on  its  Surface. 

2°.  Jafper  is,  like  the  Achate,  opake,  and 
of  various  Hue;  but  the  Green  is  the  more 
general  Colour  of  this  Stone. 

21.  Pearls  are  Jewels,  or  precious  Stones, 
bred  in  the  Shells  of  Fifh  ;  of  which  there  be 
various  Kinds,  not  much  to  our  Purpofe  here 
to  recount  *. 

A.  But,  Sir,  I  think  in  all  your  long  Cata¬ 
logue  of  Minerals  and  Stones,  you  have  not 
mentioned  the  Loadfone. 

B.  No,  Sir,  I  have  not;  the  Reafon  is,  be- 
caufe  this  mod:  wonderful  of  all  Foffils  hath 
always  merited  a  particular  Confideration. 

A.  Be  pleafed  then.  Sir,  to  oblige  me  with 
a  Ihort  Account  of  the  Nature,  and  fome  of 
the  chief  Properties  of  this  Stone. 

B.  The  Magnet,  or  Loadfone,  is  a  Mine¬ 
ral  found  in  Iron  Mines,  which  is  fomewhat 
of  the  Nature  of  Iron,  but  is  not  malleable,  nor 
will  it  melt,  but  may  be  reduced  to  Powder,  or 
calcined  to  a  Calx  ;  its  Particles  therefore  are 
more  rigid,  hard  and  implicated,  than  thofe 
of  Iron.  The  chief  Propertiesof  the  Magnet  are 
thefe:  1 .  The  Loadfotw, nihiberty ,  doth  always 
put  itfelf  in  a  Pofition,  refpecting  the  Poles  of 
the  World,  and  the  fame  Parts  always  tend  to 
the  fame  Pole.  2.  This  Stone  doth  not  pre- 

*  Whoever  would  fee  more  concerning  Metals,  Minerals, 
Stones  and  other  Foffils,  may  meet  with  great  Satisfaction  in 
Dr.  B  tier  ha  aite  s  Chymiftry,  with  Dr.  Shacw'>  s  Notes,  from 
Page  5 1  to  1 4. 1  ofthe  Theory  ;  and  in  Dr.  Fr.  Ntchohs  Obferva- 
tions  on  Mines  and  Minerals,  in  Philof.  Tranf.  NQ  401, 
403.  W oodward’s  Nat.  Hiffi  of  the  World,  Part  IV. 
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cifely  point  to  the  Poles  of  the  Earth,  but  de- 
clineth  a  little  E ajlward  or  Wejlward ,  more  or 
le£s.  3.  Two  Loadjlones ,  placed  at  a  certain 
Diftance,  approach  to,  or  recede  from,  each 
other,  as  they  are  varioufly  placed.  4.  Load - 
jlones  do  fo  attract  each  other,  as  to  fuftainone 
another  pendent  in  the  open  Air,  provided  the 
North  Pole  of  the  one  be  oppofed  to  the  South 
Pole  of  the  other.  5.  Sometimes  a  lighter  Mag¬ 
net  will  fuftain  a  heavier  one  pendent,  though 
a  heavier  Magnet  will  not  fuftain  a  lighter  one. 
6.  It  is  obferved,  this  Virtue  of  turning  to  the 
Poles  isnot  equally  ftrongin  all  Loadjlones, h ome 
doing  it  with  greater  Celerity  than  others.  7. 
There  are  obferved  fome  anomalous  Loadjlones , 
which  feem  to  have  more  than  two  Poles,  or 
Points  of  Direction.  8.  The  Load/lone  attra&eth 
Iron,  as  it  were  another  Loadjlone .  9.  The  mag¬ 
netic  Virtue  is  communicated  to  Iron  or  Steel 
by  the  Touch ;  thus  a  Needle,  touched  by  the 
*  Loadjlone ,  will  always  keep  in  a  Pofition  to¬ 
wards  the  North  and  South .  10.  Loadjlones  are 
corrupted,  if  they  lie  long  together,  with 
North  Pole  to  North  Pole,  or  contrarily ;  they 
alfo  lofe  their  Virtue  by  being  made  red-hot  in 
Fire,  with  many  other  Properties  of  lefs  Note. 

A .  And  pray,  Sir,  whence  is  this  Mineral 
endued  with  this  furprizing  Virtue  ? 

B .  I  cannot  find  any  of  the  Philofophers 

can  tell  the  formal  Caufe  thereof ;  it  is  a  Se¬ 
cret  yet  hid  from  Man,  though  he  bebleft  with 
a  Difpovery  of  its  Ufe  A •  Pray 

*  As  thePropertiesof  the  Magnet  and  the  Experimentsilluftrat- 
ing  the  lame,  areendkfs  to  recount  $  fo  the  Authors  who  treat 

ihereof. 
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Pray  what  Parts  of  the  Earth  are  moft 
productiveof  Minerals  and  MetallicSubftances? 

B .  Mountains,  which  feem,  as  it  were,  de¬ 
fined  as  Matrices  for  the  Generation  and  Ma- 

O  ^ 

turationofMineralsandMetals;  becauleinthem 
the  moft  ufeful  Foffilsare  principally  found. 

A.  Do  Minerals,  Metals,  Stones,  &c.  grow 
in  the  Earth  ? 

B .  Undoubtedly:  Yea,  itis  well  known  that 
divers  Mines,  when  emptied  of  Stone,  Metal, 
&t\  have,  after  a  while,  recruited  again.  Alfo 
divers  ilony,  fparry  Ificles,  and  other  ftala&i- 
cal  Subftances,  may  be  daily  feen  engendered 
from  the  Exudationsof  fome petrifying  juices 
out  of  the  rocky  Earth  in  great  Caves ;  as  I 
my  felf  have  feen  in  Qky-hole  in  Somerfetjhire 

A .  Well,  but  to  make  an  End,  what  may 
you  mean  by  extraneous  Bodies  in  the  Earth, 
the  Subject  of  the  7th  and  laft  general  Head? 

B o  The  various  Exuviae  of  Fiih,  and  other 
marine  Animals;  fuch  as  petrified  Echini , 
Glojfopelrce ,  Cockles ,  Qyfter-jhells ,  Eurbens , 

thereof,  and  the  Hypothefes  they  advance  for  the  Solution  of 
thofe  Properties  are  almoit  infinite.  But  they  who  defire  a  large 
Difcourfe  on  this  furprizing  Subjefl,  may  confult  Clenci 

Phyf.  Lib.  II.  Cap.  6.  Haukfbee’  s,  Defagnliers’  s,  &c.  Courfes 
of  Experiments.  Robauld s  Phyfics,  Parc  III.  Chap.  8.  Jac. 
Ode,  Philof.  Nat.  Tom.  II.  Cap.  3.  Kircberi,  Ars  Magnetic 
ca.  IVbiJions  Doft.  of  the  Magnet.  Stairii  Phyfiol.  Explorat. 
XVIIL  §  12  to.§  37,  inclufive.  Defcartes,  Opera  Philofophica, 
Part  IV.  §  133,  Sc  feqq.  Inftitutio  Philof,  Tom.  III.  Part.  II. 
§  3.  Cap.  4.  Regnault’s  Converfat.  Vol.  I.  Conv.  15,  16. 
Lovutborpe’ s  Abridgment.  Vol.  II.  Page  630.  Eames  and  Mar- 
tyns  Abridgment,  fart  IT.  Chap.  4.  Mifcellanea  Cnriofa, 
Vol.  I.  Pag" 43.  Harris’s  Lexicon,  and  r bam  ers’s  Di&ionary, 
at  the  Wwrd  Magnet,  Phil.  Tranf.  N°  3  8,  390,  414,  423, 
389,  366,  371, 412. 

*  See  Mr.  Derham's  P by ficoAheology ,  Book  III.  Chap.  2.  the 
Notes. 
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Scallops,  &c.  that  are  found  in  various  Parts 
and  great  Depths  of  Earth,  and  are  to  be  feen 
in  the  Cabinets  of  the  Curious. 

A .  Pray,  how  came  thofe  Bodies  at  firft 
intermixed  with  the  Earth  ? 

B.  None  can  certainly  tell  j  it  is  fuppofed  at 
the  Deluge,  or  by  fome  general  Inundation  of 
the  Seas,  whereby  the  Earth  was  rendered  fo ft, 
and  thofe  marine  Bodies  funk  therein,  and 
were  covered  over ;  and  by  the  petrefying  Qua¬ 
lity  of  the  Earth,  in  Time,  turned  into  Stone 

*  Dr.  Woodward  fays,  th t  Echini  and  other  lighter  Shells  are 
Tery  numerous  and  frequent  in  all  the  Chalk-Pits  o {Kent,  Sur¬ 
rey  ^EJ/ex,  and  other  Shires;  being  found  indifferently, from  Top 
to  Bottom,  in  Pits  that  were  ico  Feet  deep  ;  and  in  Wells  much 
deeper.  Alfo  that  the  Concha,  PeSlines ,  Cochlea ,  and  Shells  of 
a  like  Gravity,  are  found  in  the  Sand  Stone  of  all  Countries, 
yea,  even  in  the  very  Middle  of  Flints  themfelves.  Nat.  Hilt, 
of  the  Earth,  Part  I.  Page  30,  31.  Part  IV.  Page  183,  13  c. 

It  is  common  to  find  that  the  Echini ,  Cochlea ,  Concha ,  Pec- 
tines,  and  other  Shelis,  have  their  Cavities  filled  up  with  Ores, 
Flint,  Spar,  Vitriol,  Sulphur,  and  other  Minerals ;  thefe  receive 
the  fpecific  Figures  of  the  Shells,  they  are  formed  or  mould¬ 
ed  in.  And  thefe  Stones  are  what  Authors  call  Echinita,  Co • 
chlita ,  Conchita ,  Pediinita ,  &C. 

Stem ,  in  his  Book  ds Solido  infra  Solidum  contsnto,  fays,  there 
were  many  marine  Shells  found  in  a  Stone  taken  out  of  the  Fo¬ 
rum  Volaterranum ,  which  many  Ages  before  had  been  brought 
thither  for  Building  ;  and  therefore  it  was  certain  thofe  Shells 
could  not  have  endured  lefs  than  3000  Years,  and  probably 
from  the  Flood. 

See  much  on  this  Subjed  in  Dr.  Woodward's  Hiftory  of  the 
Earth .  Stem's  Book  above  mentioned.  The  Theories  of  Dr. 
Burnet  an  d  Mr.  Whifton .  Bartkolini  Specim.  Philof.  Nat* 
Cap.  13.  Pag,  130— 133.  Phiiofi  Tranf,  N5*  291,  305,  360, 
36  S. 
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CHAP.  III. 


Hydrography,  or  the  Philosophy  of 
Water  3  of  the  Laws  of  its  Pressure 
and  Gravity;  of  the  Sea,  its  Origin , 
Roundnefsy  Extent ,  Saltnefs,  and 'T ides ;  of  the 
Canfe  of  Fountains,  Rivers,  Lakes, 
Baths,  with  the  Properties  of  their 
fever  al  Waters. 

A .  II  T  H  AT  is  the  Original  of  Hydro - 
V  V  graphy  ? 

B.  The  Word  is  compofedof  Sfwp,  Watery 
and  yoafy  a  Dejcription ;  and  here  fignifies 
a  philofophical  Dejcription  of  Water. 

A.  You  have  already  defcribed  me  the  dif¬ 
ferent  Diitin&ions  of  Water  on  the  Earth’s 
Surface,  and  likewife  the  Caufe  of  its  Fluidity 
and  Volubility  ;  pray  what  then  remains  to  be 
farther  confidered  of  Water  ? 

B.  In  the  firfl  Place  we  muft  more  particu¬ 
larly  conhder  the  Effects  arifing  from  Flui¬ 
dity,  and  the  Rules  of  Motion,  called  the  by- 
dr  oft  atic  and  hydraulic  Laws  of  the  Gravity 
and  Preffure  of  Fluids 

*  i.  The  Word  Hydroflaticsi s  derived  from  Water,  and 

<-c4Tix>,,  the  Science  of  Weight ,  from  fcata,  to  weigh.  Confe- 
quently,  Hydrofatics  imports  the  Science  which  is  converfant 
about  thofe  Properties  of  Water ,  or  any  Fluids,  which  depend 
on,  or  refult  from  the  Weight  or  Gravity  thereof. 

z.  Hydraulics  is  derived  of  it  hep,  Water ,  and  ocvXe>$,  a  Pipe  ;  for 
anciently  the  Organ  and  other  Wind  Inllruments  of  Mufic  were 
blown  by  Wind  made  by  the  Fall  of  Water  inftead  of  Bellows. 
Whence  this  Word  in  Time  came  to  be  applied  to  the  Art  of 
Making  all  Sorts  of  Engines  for  carrying  or  raifing  of  Water ,  or 
which  are  worked  or  moved  by  Water .  And  hence  the  ancient 
Water  Engines  defcribed  by  Hiron  are  called  Mackinac  Hydrau¬ 
lic#,  i.  Qi  Hydraulic  Machines  or  Engines. 

R  2 


A.  What 


i6o  The  Philosophical  GiiAMMAft* 

A .  What  are  thofe  Effects  you  call  the  hy¬ 
dro]}  at  ic  Laws  of  Fluids ? 

B>  We  have  not  Time  to  confider  all *,  the 
chiefefi  are  the  following. 

1 .  The  Surface  of  a  Fluid  contained  in  a  Vef 
fel  abiding  free,  will  become  plane,  or  parallel  to 
the  Horizon :  Thus  the  Surface  AB,  of  the 
Fluid  CD,  will  be  parallel  to  the  Horizon  HO* 

2.  The  upper  Parts  C  prefs  the  lower  Parts 
D,  which  fujlain  them  $  and  this  Preffure  is  al~ 
ways  proportional  to  the  Height  of  the  Fluid 
AE.  See  Figures  XXXIII.  and  XXXIV.  on 
Plate  XXI,  fronting  p.  234. 

3.  This  Preffure  on  the  lower  Parts,  from 
the  Gravity  of  the f up  er  incumbent  Liquid,  ex¬ 
erts  it f elf  every  Way,  and  every  W ay  equally . 

4.  In  fever  al  Tubes,  having  a  Communication 
with  each  other,  as  ABCDEF,  whether  equal 
Or  unequal,  ftraight  or  crooked,  eredl  or  oblique , 
a  Fluid  will  rije  to  the  fame  Height  GI  in  all* 
Fig.  XXXIV.  on  Plate  XXI,  fronting  p.  234* 

5.  When  Liquids  of  different  Gravities  are 
contained  in  the  fame  Veffel,  the  heaviefl  lies  at 
the  lowejl  Place,  and  is  preffed  by  the  lighter* 
in  Proportion  to  the  Height  of  the  lighter . 

6.  The  Bottom  EF,  and  Sides  AEBF,  all 
round  a  Veffel,  are  preffed  by  the  Parts  of  the 
Liquid  contained  which  immediately  touch  them ; 
h and  that  in  Proportion  to  the  Height  of  the  Li¬ 
quid,  not  at  all  regarding  its  Quantity .  Fig. 
XXXI.  on  Plate  XXI,  as  above. 

7.  A f olid  Body  immerfedin  a  Liquid,  is  pref¬ 
fed  by  the  Liquid  on  all  Sides*,  and  that  Preffure 
incfeafes  in  Proportion  to  the  Height  of  the  Li¬ 
quid 
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quid  above  the  the  Solid .  Bodies  very  deeply  im- 
merfed  are,  as  it  were,  equally  prejfed  on  all  Sides. 

8.  Any  Body,  which  is  heavier  than  an  equal 
Bulk  of  the  Liquid  into  which  it  is  immerfed, 
will fink  or  defcend  therein . 

9.  If  the  Body  he  lighter  than  an  equal  Bulk 
of  the  faid  Liquid  into  which  it  is  immerfed,  it 
will afcend  to  the  Lop,  or  fwim . 

10.  But, fuppofe  the  Body  be  equal  in  Weight 
with  an  equal  Bulk  of  the  Liquid,  it  will  neither 
afcend  or  defcend,  but  remain  fuf pended  in  the 
Liquor,  wherever  it  is  placed . 

1  1 .  All  equal  Solids,  but  of  different  fpecific 
Gravities,  being  immerfed  in  the  fame  Liquid, 
lofe  equal  Parts  of  their  Weight . 

12.  A  Liquid  acquires  the  fame  Weight 
which  the  immerfed  Solid  lofes . 

13.  Lhe  immerfed  Parts  of  Bodies fwimming 
on  the  Surface  of  the  fame  Liquor,  are  to  each 
other  as  the  Weights  of  the  Bodies . 

A.  And,  pray,  how  do  you  prove  thefe  Laws, 

and  what  are  their  Ufe  ?  . 

B .  They  are  founded  on  various  Experi¬ 
ments,  and  their  Ufe  is  to  difcover  the  different 
Weights  or  fpecific  Gravities  of  Liquids  and 
Solids ,  which  is  not  only  a  very  great  and 
ufeful,  but  alfo  a  very  pleafingand  delightful 
Part  of  natural  Philofophy 

A.  Pray 

*  The  Proof  of  thefe  Laws  of  Fluids  is  threefold,  to.  ( i .) 
Phyfical ;  which  depends  on  a  bare  Contemplation  oftheNature, 
Figure,  and  other  Properties  ofthefmall  Particles  of  Fluids, fepa- 
rately  conficfered  ;  andthe  Phenomena  thence  arifing  will  evince 
the  Truth  of  the  faid  Laws.  (2)  Mathematical ;  for  by  confider- 
ingo  (Liquids  as  Solids ,  and  dividing  them  into  Planes,  Columns, 
&c.  ^nd  reprefen  ting  their  different  Heights ,  Gravities, and  Velo- 
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A.  Pray  how  do  you  find  or  eftjmate  the . 
fpecific  Gravities  of  Solids  ? 

B.  Thus,  by  the  hydroftatic  Balance  S,  Fig. 
XXXV.  on  Plate  XXI,  fronting/).  262,  let 
there  be  prepared  a  Glafs  Veffel  of  Water  E,. 
and  another  VeflfelD,  whofe  Weight  in  Water 
mud  be  precifely  equal  to  that  of  the  Weight 

C.  Now  the  Weight  G  being  affixed  to  the 
Scale  A,  the  Solid,  whofe  fpecific  Gravity  is 
delired,  being  firft  weighed  in  Air,  muft  then 
be  put  into  the  Veifel  D,  which  is  then  affixed 
to  the  Scale  B,  and  immerfed  into  the  VeiTel  of 
Water  ■,  then  put  Weights  into  the  Scale  B  till 
there  be  a  juft  Equipoife.  Now  from  its  Weight 
in  Air,  fubdudl  its  Weight  in  Water,  and  the 
Remainder  will  be  as  its fpecific  Gravity  i  n  verfe- 
]y;  and  thus  the  Ratio’s  or  Proportion  of  thejpe- 
cijic  Gravities  of  feveral  Bodies  may  be  found. 

A.  As  to  the  Manner  of  weighing  thofe  Bo¬ 
dies,  it  feejms  pretty  eafy  to  be  apprehended  from 
the  Figure-,  but  as  tocomputing  the  Ratio’s,  I  be- 
lievel  could  better  underli  and  that  by  Example. 

B.  Why  then  I  will  give  you  one.  Suppofe 
you  take  a  Piece  of  Lead  and  a  Piece  of  Ivory, 
each  weighing  69  Grains  in  Air,  but  weighing 

a  ties, by  algebraic  Chara&ers,  it  is  eafy,  by  Rules  of  Art,  toraife 
Theorems,  which  are  fo  many  Hydroftatic  Laws.  (3.)  Experi¬ 
mental  ;  for  all  thofe  Laws  are  capable  ofProofby  innumerable 
Experiments.  See  the  feveral  Courfes  of  lixpenments,  by  Dr. 
Defaguliersy  Gravefande ,  Hawks  bee,  Worfier ,  &C.  Mario  tie's 
Hydrojlatics ,  engliihed  by  Dr.  Defaguliers.  Rohault's  Mechanics , 
tranilated  by  Watts,  Page  118.  Boyle's  Hydrofiatical  Paradoxes. 
Compend.  Syfem  of  Nat.  Philo f.  Part  2.  Sinclair's  Hydrojlatics . 
Clarke’s  Notes  to  Rohault's  Phyfics ,  Part  I  Chap.  16.  §8. 
Mufjchenbroek' s  Epit.  PhyJ  Parte.  Diiton  s  New  Law  of  Fluids. 
S<yji tier's  Gen.  Syfem  of  Hydrojlatics.  Phil.  Pranf.  abridged,  by 
Me  IT.  Lames  and  Martyn,  Parti.  Chap.  6.  Chambers's  Din.  and 
Harris's  Lexicon,  under  the  Words  Fluids  and  Hydrojlatics. 
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An  Estimate  of  the  fpecific 
Gravity  of  Solids. 


In  Air  60  Grains. 


'  Crude  Mercury 

Lead  - 

'Copper  — — 
Bra  fs  — ~ 

‘Crude  Tin 
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In  Air  . . ■  . . . 

Oil  of  Vitriol  ^  -  — 

Herm.  Spirit  of  Nitre  — - - 

Spirit  of  Nitre,  with  Oil  of  Vitriol  — 

Spirit  of  common  Nitre  - - 

Spirit  of  Nitre  Bezoartic  - ■ 
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Decodion  of  China  Root  — — 

Spirit  of  common  Salt  — 
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themfeparately  in  Water,youfindtheirWeights 
thereinto  be  54L.  and  29  ;  now  the  Deficiency 
of  thefe  Weights  are  5,  and  3  1.  Therefore  the 
Ratio  or  Proportion  of  the  Weight  of  Lead  to 
that  of  Ivory,  is  as  31  to  5I;  that  is,  Lead  is 
almoft  Times  heavier  than  Ivory. 

A.  Sir ,  I  perfectly  apprehend  you  now,  and 
thank  you  ;  pray  do  you  eftimate  the  fpecific 
Gravities  of  Liquids  after  the  fame  Manner? 

i?.  They  areeftimated  thus:  Take  a  Piece  of 
Lead,  which  fuppofe  to  weigh  455  Grains; 
then  the  fame  weighed  in  Oil  of  Vitriol  will 
be  found  no  more  than  379,  and  in  common 
Water  414  Grains.  The  Diminution  in  the 
firft  Cafe  is  76,  in  the  latter  42  Grains ;  thefe 
N  umbers  are  inverfely  as  the  fpecific  Gravities. 
Wherefore  the  Gravity  of  common  Water  is  to 
the  Oil  of  Vitriol ,  as  76  to  41 ;  that  is,  almoft 
as  heavy  again.  Do  you  underftand  me  ? 

A .  Yes,  Sir ,  very  well  :  I  only  wifh  I  had 
fuch  a  Pair  of  Scales  as  are  fit  for  this  Purpofe ; 
for  then  I  fhould  take  a  deal  of  Pleafure  in 
making  thofe  Kinds  of  Experiments. 

B .  Sir ,  you  may  eafily  obtain  a  Pair;  and 
till  then,  lean  lend  you  a  Synopfs  of  an  Efti- 
mate  of  the  fpecific  Gravity  of  various  Solids 
and  Liquids ,  which  I  have  taken  from  Dr. 
Quincy,  if  you  think  it  worth  your  Perufal  *. 

,  A.  Sir , 

#  1  The  belt  Method  that  lean  find  for  difeovering  the  fpecific 
Gravity  of  Solids  and  Fluids,  withEafe,  Expedition, and  Certain¬ 
ty,  is  by  means  of  a  fine  Hydrojlatic  Steelyard  and  Sliding  Rule. 

2.  The  Steelyard  is  thus  cheaply  and  eafily  made  :  Take  the 
Beam  of  a  fine  Pair  of  Scales,  as  AO  (Fig.  LXIII.  on  Plate 
XX,  fronting/.  233.)  let  the  Smith  make  the  Arm  CO  of  a 
fufheient  Length  CB,  by  joining  a  fmall  Iron  Rod  thereto  ;  to 
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A.  Sir,  I  am  very  much  obliged  £0  you  for  fo 
extraordinary  and  ufefula  Piece ofphiiofophical 

tfie  End  of  the  other  Arm  at  A  fix  a  Ball  of  Lead,  or  Tin,  fsV* 
D,  fuch  that  its  Weight,  together  with  that  of  the  Arm  AC, 
may  exa&ly  balance  or  equipoife  the  Weight  of  the  other 
lengthened  Arm  CB. 

b  The  Arm  CB  being  duly  finaped,  is  to  be  graduated  after 
this  Manner:  Sufpend  twpequal  Bails  or  Weights,  E  and  F,  one 
on  each  Side  the  Point  C,  at  equal  Pittances,  C A,  CO,  ’they 
there  abide  in  Equilibria  therefore  O  is  the  Point  from  whence 
the  Degrees  are  to  begin.  If  now  you  add  io  Weight  of  io 
Grains  to  the  Ball  F,  and  move  the  other  from  6  a  little  to¬ 
wards  B,  you  will  find  the  Point  io  where  the  Weights  will  be 
exadlly  in  Equilibria .  If  you  add  10  more  Grains  to  F,  the  Ball 
E  being  again  moved  towards  B,  will  give  the  Point  20,  where 
It  will  equibalance  the  other.  And  thus  by  adding  10  Grains 
conttantly  to  F,  you  will  gain  the  Points'of  Diviiion  in  the 
other  Arm  for  every  10  Grains  to  an  100,  or  any  greater  Num¬ 
ber;  all  which  is  evident  from  the  Figure. 

4.  The  Steelyard  being  thus  graduated,  a  fine  Thread  of  Silk 
(whofe  Weight  is  inconttderable)  is  to  be  fixed  to  the  Ball  F  with 
a  Loop  at  the  loVer  End,  in  which  any  Body,  or  Piece  of  Mat¬ 
ter,  may  be  put  as  at  one,  and  then  weighed  by  moving  the 
Wire  of  the  Ball  E  over  the  Degrees,  as  in  the  common  Steel¬ 
yard,  till  it  comes  to  an  Equilibrium;  then  the  Body  is  to  be 
fufpended  and  weighed  in  a  Vettel  of  Water,  as  GH  ;  and 
then  the  Difference  of  its  Weight  in  and  out  of  the  Water  will 
be  with  Eafe  obtained,  be  the  Figure  or  Weight  of  the  Body 
what  it  will,  within  the  Compafs  of  the  Inftrument. 

5.  When,  by  this  Means,  you  know  what  any  given  Num¬ 
ber  of  Grains  lofe  being  weighed  in  Water,  it  is  eafy  by  the 
Sliding  Rule  to  find  what  an  100  Grain's  will  lofe.  Thus  if  60 
Grains  of  Lead  lofe  5  J,  an  100  will  lofe  94  nearly  ;  and  thu§ 
a  Table  of  th zfpecijic  Gravities  of  Solids  and  Fluids  may  be  con- 
ffru&ed  with  thegreatett  Expedition,  By  this  Steelyard  I  have 
examined  many  of  the  Gravities  I  have  here  givtn  in  the  Table, 
and  find  they  are  very  true. 

6.  But  fince  Gold  is  not  among  the  other  Solids,  I  thought  it 
would  not  be  amifs  if  there  fubjoina  fmall  Table  of  thefpeci- 
fic  Gravity  of  Gold  and  the  other  Metals,  with  Air  and  Wa¬ 
ter,  in  one  View. 

Gold  19636 

Quickfilver  14019 

Lead  — -  j  1 34. 5 

Silver  10535 

Copper  '§843 


Iron 

Tin 

Stone 

Water 

Air 


7852 

7321 

2000 

1000 

1 
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Curiofity:  And,  pray,  have  you  nothing  very 
remarkable  to  be  observed  from  the  foregoing 
Laws  of  the  Prelfure  of  Fluids  ? 

B.  Yes,  more  than  I  can  here  exemplify  to 
you  ;  however,  that  you  may  know  fomething 
of  them,  learn  their  Ufe  in  the  following  In* 
fiance  :  Suppofe  AB  fFig.  XXXVI,  on  Plate 
XXII,  fronting^.  262,)  a  Ciftern  or  Tube 
filled  with  Water  always  even  to  the  Brim,  as 
at  S  3  now  let  there  be  any  Number  of  Holes 
DECFG  made  through  the  fame,  the  Water 
fpouting  through  each  of  them,  will  fall  to  an 
horizontal  Diftance,  which  is  double  to  the 
Diftances  of  thofe  Holes  from  the  Periphery 
of  a  Circle  AKB,  defcribed  about  the  Length 
of  the  Tube  as  a  Diameter*. 

A .  If  this  be  the  Cafe,  I  eafily  perceive  why* 
in  the  Scheme,  the  Water  fpouting  from  the 
middle  Hole  C,  falls  fartheft  from  the  Tube; 
for,  according  to  you,  the  Diftance  BQ,  to 
which  it  falls,  is  equal  to  twice  CK,  that  is* 
equal  to  the  Height  of  the  Tube  AB  ;  and  as 
this  CK.  is  the  fartheft  Diftance  from  the 
Circle,  the  Double  thereof  BQjnuft  needs  be 
greater  than  the  Double  of  any  other  Diftance, 
and  therefore  its  Water  fpouts  the  fartheft. 

B .  You  take  the  Reafon  of  the  Thing  very 
well;  you  may  alfo  farther  obferve,  that  from 
two  Holes  EF,  equally  diftant  above  and  be¬ 
low  the  central  Hole  C,  the  Water  will  fpout 
to  an  equal  Diftance  BP,  the  Double  of  EL 
or  FI,  which  are  equal  Diftances  from  the  Cir- 

*  Dr  Gravefande  proves  the  Truth  of  this  in  his  Elements , 
Book  1.  Chap.  24.  p.  101,  102,  103.  And  Book  II.  Part  2.' 
Chap.  7,  8,  9,  are  wholly  on  thefe  Subjeds; 
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cle:  Alfo  the  Water  from  G  will  fpout  to  O, 
which  is  double  the  DiflanceGH;  and  the 
Water  from  D  will  fpout  to  N;  for  BN  is 
double  the  Difiance  DM  from  the  Circle. 

A .  I  underftand  you  thoroughly  concerning 
this ;  have  you  any  thing  elfe  to  obferve  of  the 
Preffure  of  Fluids,  pray  ? 

B.  One  Thing  amongft  many  I  could  name 
is  this :  That,  let  a  Body  be  ever  fo  heavy,  yet 
it  may  be  made  to  fwim  in  Liquids. 

A.  This  is  very  furprizing  indeed!  What,  can 
JLeadoxGoldbz  made  to  fwim  in  Water,  Sir  ? 

B .  Yes,  by  knowing  their  fpecific  Gravities: 
Thus,  becaufe  the  fpecific  Gravity  of  Gold  is  to 
that  of  Water,  as  j  9  to  1  3  therefore  if  you  hold 
a  Guinea  to  the  Bottom  of  a  Tube  of  equal 
Diameter  (fo  as  no  Water  can  get  in)  by  Means 
of  a  String  ;  then  put  the  Tube  dowrn  in  the 
Water  above  19  Times  the  Thicknefs  of  the 
Guinea  in  Depth,  and  letting  the  String  go,  the 
Guinea  will  not  fink,  but  ride  fufiained  by  the 
Preffure  of  the  fubadjacent  Water,  which  now 
is  ftronger  than  the  Power  of  Gravity  in  the 
Guinea ;  and  thus  you  may  make  any  Body 
fwim,  how  large,  folid,  and  weighty  foever  *. 

A.  Well, 

»  * 

«  1  .The  Writers  onHydroFatics  demonftrate, that  the  Preffure 

of  Liquids  on  the  Bottom  and  Sides  of  Veffels  is  always  pro- 
portional  to  the  Height  thereof,  and  every  Way  equal  at  the 
fame  Depth. 

2.  To  illuftratethis,  let  GE  (FVg.LXIV.  on  Plate  XX,  front¬ 
ing  Page  233.)  be  a  Veffel,  from  whofe  upper  Part  HE  proceeds 
a  tall  Tube  ABCD  communicating  therewith.  Let  this  Tube 
and  Veffel  be  filled  with  Water,  then  fhall  the  Preffure  of  the 
Water  on  the  Bottom  GF  be  as  great,  and  every  way  the  fame, 
as  it  would  be,  were  the  Veffel  itfelf  as  high  as  the  Tube,  and 
filled  with  Water  to  the  Level  of  PS;  that  is,  the  Column  of  Wa¬ 
ter  ANOB  in  the  prefent  Cafe  has  the  fame  Effefl  on  the  Bottom 
of  the  Veffel  GE,  as  the  Column  of  Water  PGFS  would  have. 

3,  This 
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A.  Well,  I  thank  you  for  thefe  general  In- 
ftrudions  concerning  theNature  and  Effects  of 
Fluids :  And  now,  Sir,  if  you  pleafe,  we  will 


3.  Thi.?  is  no  (mall  Paradox,  bi}t  is  notwithftanding  that  very 
eafy  to  conceive  ;  for  lince  Fluids  ad  in  every  Diredion,  or  prefs 
every  Way,  and  every  Way  equally,  and  AStion  and  Reaction  is 
equal,  and  contrary;  it  muft  follow,  that  the  Parts  of  the  Bot¬ 
tom  LN  and  GL  (being  equal  to  NO)  will  fuftain  the  fame 
Predion  as  NO,  or  as  they  would  do,  were  the  Columns  of  Wa¬ 
ter  continued  to  the  Height  PQA.  For  in  the  Line  CN,  the 
Force  of  the  Column  of  Water  AO  is  exerted  on  each  Side 
equally,  and  has  the  fameEffedat  lLasat  DO,  and  therefore 
the  lateral  PrefTure  being  equal,  the  perpendicular  Preftures 
alfo  on  LN  and  NO  will  be  equal. 

4.  Or  thus :  If  the  PrefTure  on  the  Part  1L  were  lefs  than  on. 
the  Part  DO,  the  Fluid  in  the  Column  CO  would,  by  reafon  of 
its  greater  Gravity,  have  a  Motion  toward  the  PartlL,  and  the 
Surface  AB  would  defcend  ;  But  fince  there  is  a  perfed  Quief- 
cence  of  all  the  Parts  of  the  Fluid,  and  that  in  the  Column  CO 
is  as  much  at  Reft  as  that  in  the  Column  CL,  it  is  evident  their 
Preftures  and  Effeds  are  every  Way  the  fame,  and  confequently 
that  the  Column  CL  preftes  as  much  on  the  Part  LN,  as  the 
Column  CO  does  on  the  Part  NO.  What  is  thus  proved  of 
the  Colum  IN,  is  to  be  proved  of  all  the  reft,  HL,  DM,  and 
K.F ;  which  makes  the  Propofition  manifeft. 

5.  This  Paradox  is  alfo  eafily  proved  by  Statics',  for  fuppofe 
the  VefFel  fixed,  and  the  Bottom  GF  moveable  therein,  and  fo 
adapted  to  it,  that  no  W ater  ihould  pafs  between  it  and  the  Sides 
of  the  Veftel  ;  if  this  Bottom  be  hung  to  the  Arm  of  a  Balance 
by  Means  of  a  long  Wire  defcending  through  the  Tube,  the 
Effed  of  the  Water  in  the  Tube  may  be  compared  with  that 
jfi  the  Vefiel,  in  regard  of  Weight.  Thus  fuppofe  the^Water 
in  the  Veftel  to  weigh  one  Pound,  then  admit  the  Height  of 
the  Tube  AC  be  four  Times  the  Height  of  the  Veftel  CN,  if 
theTubebe  filled  with  Water  to  AB,  you’ll  find  Four  Pounds 
mu  ft  be  added  to  the  other  one  intheScale  to  make  an  Equilibrium* 

6.  Or  oth er wife  thus :  Let  the  upper  Part  of  the  Veftel  HE 
be  connedled  with  the  lower  art  or  Bottom  GF  by  Means  of 
Leather,  in  the  Manner  of  a  Pair  of  Bellows  ;  then,  if  the  Tube 
AD  be  fixed  into  the  upper  Part,  and  Water  poured  therein,  it 
will  raife  the  upper  Part  from  the  Bottom  charged  with  Weights 
equal  to  the  Weight  of  a  Column  of  Water  equal  to  PGFS, 

7.  I  have  been  the  more  particular  on  this  wonderful  Pro¬ 
perty  of  Fluids,  becaufe  it  is  not  only  in  itfelf  very  curious, 
but  of  great  importance  in  many  Affairs  of  Life  ;  andthey  who 
would  fee  more,  may  coufult  the  Authors  above  referred  to, 
efpeciall?  Dr.  Gra-vrianzlP s  Elements. 

dired 
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direct  our  Difcourfe  to  the  Contemplation  of 
Water  in  particular;  and  firft  we  will  begin 
with  the  Waters  of  the  Sea:  What  therefore 
do  you  find  is  known  concerning  their  Extent, 
or  what  Proportion  do  the  Superficies  of  the 
Sea  bear  to  thofe  of  the  dry  Land  ? 

B .  This  is  not  precifely  known  :  I  remember 
I  once  calculated  the  Proportion  of  Water  and 
Land,  as  they  are  reprefented  on  my  terreftrial 
Globe  of  1 6  Inches  Diameter,  and  found  it  to 
be  fomewhat  more  than  but  how  much  I 
cannot  juftly  fay,  having  loft  my  Notes  of  that 
Particular  at  prefen  t. 

A.  Pray  how  came  the  Earth  to  be  covered 
over,  fo  far  the  greater  Part,  by  Water  ? 

B>  Thus  it  pleafed  God  in  the  Beginning  to 
order  it ;  for  wife  Ends  no  doubt :  The  Waters 
of  the  Earth  muft  necefiarily  rife  to  the  Surface 
thereof,  as  being  fpecifically  lighter  than 
Earth ;  and  then  it  was  as  neceffary  there 
fhould  be  large  Cavities  therein  for  Recepta¬ 
cles  to  contain  them,  othervvife  they  would 
equally  have  overfpread  all  the  Superficies  of 
the  Earth,  and  fo  have  rendered  it  utterly  un¬ 
inhabitable  to  Mankind 

A.  I  underftand  the  Figure  of  the  whole 
Earth  is  round,  and  confequently  the  Superfi¬ 
cies  of  the  Sea  muft  be  fo  too,  which  I  think 

*  On  this  Head  hear  the  Philofophical  Poet  Ovid : 

The  Earth  of  clofer  and  comparer  State, 

Fell  felf-incumber’d  with  her  proper  Weight; 

On  her  the  grofler  Elements  attend. 

And  to  the  deepeft,  lowed  Part  defcend. 

The  Waters  laft  took  Place,  and  flowing  round. 

The  girded  Globe’s  extenflve  Circle  bound. 

Metamorph .  Lib.  I.  Sewell, 

'  '  you 


Of  the  Sea.  269 

you  impute  to  the  ACtion  of  Gravity  or  Power 
of  Attraction  in  the  Earth,  do  you  not.  Sir? 

B.  Yes,  the  Centre  of  the  Earth  being  the 
common  Centre  of  Gravity,  and  the  Nature 
of  Fluids  being  fuch,  that  they  equally  yield 
to  equal  Powers,  and  the  Power  of  Attraction 
being  every  where  equal  at  equal  Diftances 
from  the  Centre,  it  follows,  that  the  fuperficial 
Parts  of  Water  will  every  where  conform 
themfelves  -  to  an  equi-diftant  Situation  from 
the  Centre,  and  conlequently  will  form  the 
Surface  of  a  Sphere  fo  far  as  they  extend  *. 

A.  Pray,  Sir,  is  the  Sea  higher  than  the 
Earth,  or  Land,  as  it  feems  to  be  ? 

B.  No;  for  by  the  Power  of  Gravity  all 
Things  conform"  to  a  fpherical  Surface,  in 
which  no  one  Part  is  higher  than  another  ; 
befides.  Fluids  prefs  every  Part  equally,  and 
therefore  would  foon  overflow  the  Shores, 
were  they  really  lowed. 

A.  Plow  comes  it  to  appear  fo,  then  ? 

*  Thus  Ovid  again  in  the  fame  Place  ; 


Whatever  God  thus  broke  the  formlefs  Heap, 
And  bid  the  Parts  a  juft  Proportion  keep , 

Firft,  that  the  Earth  might  regular  appear, 

He  rounds  the  Figure  to  a  perfedl  Sphere,  &c. 


But  herein  the  Poet  is  miftaken ;  for  the  Figure  of  the  Earth  is 
not  that  of  a  perfefl  Sphere,  but  an  oblate  Spheroid ,  whofelongeft 
Diameter  is  that  of  the  Equator,  and  the  fhorteft,  that  from 
Pole  to  Pole,  the  Difference  being  about  34^0  Miles,  accord¬ 
ing  to  SivJPaac  Newton,  in  his  Principia ,  Lib.  Ill,  Prop,  19, 
p.  413.  See  alfo  Dr.  Keill’ s  Examination  of  Dr.  Burnet's 
Theory  of  the  Earth,  Chap.  6.  And  a  large  Diflertation  on  the 
Figure  of  the  Earth  by  Dr.  Dejagulicrs ,  in  Philofoph.  Tranfi 
N°  316  to  389. 

B .  This 
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B .  This  refults  from  the  Fallacy  of  Vifwm 
whereby  all  Objeds,  and  the  Parts  of  Land 
as  well  as  Sea,  the  farther  they  are  from  us* 
the  higher  they  appear:  Thus  in  Pieces  of 
Perfpe&ive,  the  Parts  are  all  placed  higher 
aDove  the  Ground  Line,  as  they  are  floated 
more  remote.  The  Ileafon  of  all  which  is 
eafy  from  Optics 

A .  Is  the  Depth  of  the  Sea  known  ? 

B.  Varenius affirms,  the  Depth  or  Profundity 

of  the  Sea  is  in  fome  Places  unfathomable;  and 
in  other  Places  is  very  various,  being  in  fome 
Places  4,  2-p^,  4 1  Eaghph  Milcs9 

in  other  Places  deeper,  and  ismuchlefs  in  Eays 
than  in  Oceans,  The  Depths  of  the  Sea  bear 

*  1.  It  is  well  known,  that  the  denfer  any  Medium  is  thro7 
which  we  behold  Objefts,  the  greater  is  the  RefraSion ,  or  the 
more  their  Images  appear  elevated  above  the  Horizontal  Level; 
alfo  the  greater  Quantity  of  the  Medium  the  Rays  pafs  through, 
the  more  they  will  be  bent  from  their  firft  Direction  ;  on  both 
thefe  Accounts  the  Appearance  of  Things  remote,  and  on 
the  Sea,  will  be  fomewhat  above  the  Horizon  ;  and  the  more 
fo,  as  they  are  more  remote. 

2.  The  Sight,  with  regard  to  diilant  Things,  Is  terminated 
with  a  fpherical  Superficies,  of  which  the  E\e  is  the  Centre, 
and  therefore  the  more  remote  Things  are/the  higher  they 
appear  in  this  Superficies.  For  Tnftance,  let  the  Eye  be  at  G 
viewing  the  didant  Surface  of  the  Sea  AE;  and  fuppofe  AF 
be  Part  of  the  fpherical  Superficies  which  terminates  the  Sight . 
Let  A,  B,  C,  D,  E  befeveral  Parts  of  the  Sea’s  Surface,  thefe 
will  appear  in  the  Sphere  of  Vifion,  at  ay  b ,  c,  d,  e ,  all  above 
the  horizontal  Level  HE  ;  and  every  Part  higher  as  it  is  more 
remote.  See  Fig.  LXV.  on  PAz/^XX,  fronting^.  233. 

3.  Nor  is  this  the  only  Fallacy  ;  but,  if  we  fuppofe  the  Part? 
AB,  BC,  CD,  and  DE  all  equal  to  each  other,  they  will  appear 
very  unequal  to  the  Eye  at  G  in  the  Sphere  AF,  that  which  is 
neared  being  dill  the  greateft;  and  the  more  remote  the  lefler. 
Again,  if  ah,  bc9cd ,  and  de  be  fuppofed  equal,  theDidanceon 
the  Sea  will  appear  to  be  equal,  tho’  they  are  really  very  un¬ 
equal  ;  and,  in  this  Cafe,  the  more  remote,  the  larger.  See 
much  more  to  this  Purpofe  in  Varenius' s  Geog.  Gen.  Book  I. 
Chap.  13.  throughout,  but  cfpecially  Prop,  id  and  2d  thereof. 

great 
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great  Analogy  to  the  Height  of  Mountains  on 
the  Land,  fo  far  as  is  hitherto  dilcovered. 

A .  Are  you  able  to  fay  whence  the  Saltnefs 
of  the  Sea  doth  arife  ? 

B.  It  is  very  rationally  judged  to  arife  from 
great  Multitudes  both  of  Mines  and  Moun¬ 
tains  of  Salt,  difperfed  here  and  there  in  the 
Depths  of  the  Sea:  The  Salt  being  continually 
diluted  and  diffolved  by  the  Waters,  the 
Sea  becomes  impregnated  with  its  Particles 
throughout ;  and  for  this  Reafon,  the  Salt¬ 
nefs  of  the  Sea  can  never  be  diminished 

A .  Pray  what  is  the  Ufe  of  this  fait  Pro¬ 
perty  of  the  Sea  ? 

B.  The  Saltnefs  of  the  Sea  preferves  its  Wa¬ 
ters  pure  and  fweet,  which  otherwife  would 
corrupt  and  (link  like  a  filthy  Lakeland  confe- 
quently  none  of  the  Myriads  of  Creatures  which 
now  live  therein,  could  then  have  Being:  From 
hence  alfo  the  Sea  Water  becomes  much  hea¬ 
vier  ;  and  therefore  Ships  of  greater  Size  and 
Quantity  may  be  ufed  thereon.  Salt  Water  alfo 

*  Dr.  Halley  fuppofes  that  it  is  probable  the  greateft  Part  of 
the  Salt  of  the  Sea  and  of  all  Sait  Lakes ,  (as  in  the  Cafpian  Sea, 
the  Dead  Sea,  the  Lake  of  Mexico,  the  Titicaca  in  Peru )  is  de¬ 
rived  from  the  Water  of  the  Rivers  which  they  received  ;  and 
fince  this  Sort  of  Lakes  has  no  Exit  or  Difcharge,  but  by  the 
Exhalation  of  Vapours,  and  alfo  fince  thefe  Vapours  are  entire¬ 
ly  frefh  or  devoid  of  Salt  Particles,  it  is  certain  the  Saltnefs  of 
the  Sea  and  luch  Lakes  muft  from  Time  to  Time  increafe ;  and 
therefore  the  Saltnefs  at  this  Time  is  greater  than  at  any  Time 
heretofore.  He  farther  adds,  that  if,  by  Experiments  made  in 
different  Ages,  we  could  find  the  different  Quantities  of  Salt 
which  the  fame  Quantity  of  Water  (taken  up  in  the  fame  Place, 
and  in  all  other  the  fame  Circumftances)  would  afFord,  it  would 
beeafy  from  thence,  by  the  Rules  of  Proportion,  to  find  the 
Age  of  the  World  very  nearly  ;  at  leaf!,  to  deftroy  the  Notion 
of  the  Eternity  of  all  Things.  Philof.  Tranf.  N°  344. 

5  doth 
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doth  not  freeze  fofoon  as  frefh  Water,  whence 
the  Seas  are  more  free  for  Navigation. 

A .  I  remember  Solomon  obferves,  that  tho* 
all  the  Rivers  run  into  the  Sea,  yet  the  Sea  is 
not  full,  or  doth  not  increafe}  pray  is  there 
any  affignable  Reafon  for  this  ? 

B.  Yes;  there  are  two  Reafons  why  the  Sea 
doth  not  increafe.  i.  Becaufe  Waters  return 
from  the  Sea  by  fubterranean  Cavities  and  A~ 
quedudts,  through  various  Parts  of  the  Earth. 
2.  Becaufe  the  Quantities  of  V apours  raifed  from 
the  Sea,  and  falling  on  the  Land,  only  caufe  a 
Circulation,  but  no  Increafe  of  Water.  It  hath 
been  found  by  Calculation,  that  in  a  Sum- 
mer\  Day  there  may  be  raifed  in  Vapours 
from  the  Mediterranean  5280000000,  or  5280 
Millions  of  Tuns  of  Water,  yet  this  Sea  re¬ 
ceived!  not  from  all  its  nine  great  Rivers  above 
1827000000,  or  1827  Millions  of  Tuns/^r 
Day,  which  is  but  a  thiijd  Part  of  what  is  ex- 
haufted  in  Vapours ,°  wherefore  we  may  rather 
wonder  the  Sea  is  not  lefiened  than  increafed  *. 

A .  I  am  very  much  pleafed  with  thefe  Ac¬ 
counts  of  the  general  Properties  of  the  Sea  : 
But,  pray,  what  do  you  fay  to  that  mod  ob¬ 
vious  and  wonderful  Phenomenon ,  the  Tide, 
or  Flux  and  Rejlux  of  the  Sea  ? 

*  See  the  Calculation  at  large  in  Philof.  Tranf.  N'5  21 2,  or 
mjoan.  Clerici  PhyficaT  Lib.  II.  Cap.  8.  It  has  been  found, 
that  in  the  Years  1699,  1700,  1701, 1702,  there  fell  at  Town- 
ley  in  Lancajhire,  at  the  Foot  of  the  Mountains,  39-*%,  43, 
41-r-lo  *  5It56  Inches  of  Water  in  Depth;  and  at  Upminfler  in 
EJJex,  thefe  Depths  were,  for  the  fame  Years,  i5to>  iS-^, 
20^  Inches.  But  Dr.  Halley  found  that  the  Depth  of  the  Wa¬ 
ter  evaporated  in  a  clofe  Room  in  one  Year  was  but  eight 
Inches ;  from  whence  it  is  plain  how  much  the  Sun  and  Wind 
contribute  to  the  Evaporation  of  Water. 

.  B ,  It 
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B.  It  is  now  very  well  known,  that  the 
Tides  are  caufed  by  the  Attraction  of  the  Moon, 
and  are  fometimes  increafed  by  the  Attraction 
of  the  Sun  confpiring  therewith,  as  in  Con¬ 
junctions,  or  new  Moons,  and  thofe  we  call 
Spring-Tides-,  fometimes  the  Sun’s  Attraction 
acts  counter  to  the  Moon’s,  as  in  the  Quadra¬ 
tures,  and  then  the  Tides  are  leffened,  and  are 
what  we  call  Neap-Tides. 

A.  Pray  be  lb  good  as  to  illuftrate  the  Doc¬ 
trine  oj  the  Tides  by  a  Scheme. 

B.  I  will.  Suppofe  then  C  be  the  Earth,  FT. 
XXXVII.  on  Plate  XXII,  fronting p.  262,  fur- 
rounded  by  Water  PTN,  M  the  Moon  in  Con¬ 
junction  with,  and  O  in  Oppoiltion  to  the  Sun 
inS,  and  in  her  Quadratures  from  the  Sun  inQ; 
Now  it  is  plain  the  Part  of  the  Ocean  T,-  to 
which  the  Moon  M  is  perpendicular,  will  gra¬ 
vitate  to  the  Moon  more  than  any  other  Parts 
in  the  Hemifpbere  eTn;  and  therefore  the  Whi¬ 
ter  in  that  Part  will  become  lighter  than  tifual, 
and  fo  willtumify  and  rife  up  towards  the  Moon, 
On  the  contrary,  the  Water  in N,  being  moll:  re¬ 
mote  from  the  Moon  M,  will  be  lefs  attracted, or 
gtavitate  lefs  towards  the  Moon,  than  any  other 
Pai  ts  of  the  Tand  or  Seam  the  Denujpbere  el'Jnj 
and  therefore  will  keep  at  farthefi  Dillance  from 
the  Moon,  or,  which  is  the  lame  Thing,  it  be¬ 
comes  lighter  than  ufual,  and  minifies  on  the 
i^art  N,  contrary  to  the  Moon  M.  By  this  Means' 
tne.  Ocean  mull  of  Necelivty  conform  itfelf  to 
an  oval  Figure,  whofe  lodged  Diameter  is  TN, 
and  the  fhorter  en ■:  Now,  becaufe  the  Tides  at 
T  and  N  are  exiftent  both  at  the  fame  Time, 

o  and 
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and  oppofite  to  each  other,  it  is  evident,  they 
following  the  daily  Courfe  of  the  Moon,  that 
they  mull;  conftantly  fucceed  each  other  under 
every  Meridian  at  the  Diftance  of  12  Hours 
Time,  and  therefore  twice  each  Day,  as  we  fee 
they  do.  Do  you  apprehend  me  fo  far  ? 

A .  Yes,  very  well ;  pray  proceed. 

B.  Then  the  reft  will  be  itill  eafier  :  For 
fuppofe  (as  Sir  If aac  Newton  has)  that  the  At¬ 
traction  of  the  Sun  be  to  that  of  the  Moon  at  our 
Earth,  as  1  to  4~WVV»  or  nearly,  as  1  to  44  ,* 
that  is,  as  2  to  9.  But  Mr.  Domkey  has  fince 
made  it  to  be  as  1  to  5YT0V08 o>  or  as  1  to  5,  or 
more  nearly  Hill,  as  10  to  5  5  (whofe  Numbers  I 
ihall  ufe) :  I  fay,  fuppofingthis  be  the  Proportion 
of  the  Sun  and  Moon’s  Power  of  attracting  the 
Waters  of  our  Seas,  then  it  follows,  that  when 
the  Sun  and  Moon  are  in  Conjunction,  the  Wa¬ 
ters  at  T  and  N  will  be  attracted  by  both  thefe 
Powers  jointly;  but,  when  the  Moon  is  in  Square 
to  the  Sun,  that  is,  when  thofe  Luminaries  are 
in  M  and  Q,  then  the  Power  of  the  Sun  in 
aCts  contrary  to  that  of  the  Moon  in  M  ;  and 
then  the  Waters  in  T  and  N  are  raifed  only  by 
the  Difference  of  thofe  Powers ;  fo  that  the 
Spring-Tides  will  be  to  the  Neap-Tides ,  as  the 
Sum  to  the  Difference  of  thofe  Powers;  that  is, 
as  6  to  4,  or  as  61  to  41.  So  that,  if  the  Sun 
he  able  to  raife  the  Water  1  Foot  11  Inches, 
the  Moon  will  raife  it  above  9  Feet  7  Inches, 
and  both  together,  about  ii-i  Feet,  which  is 
ilill  greater,  as  the  Moon  is  nearer  the  Earth. 

A .  Prav  in  what  Parts  of  the  Earth  are  the 
Tides  greateft  of  all  ? 


B.  About 
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B.  About  the  ^Equator  or  Middle  of  the 
Earth  :  For  the  greater  the  Circle,  in  which  the 
Tid  es  revolve,  tiic  gi eater  will  be  their  J~\ gita-' 
tion;  and  were  the  Moon  placed  in  the  Pole,  the 
Tide  would  remain  immoveable  about  that  Pole. 

A.  Are  the  Tides  always  largeft  precifely  at 
the  Time  of  new  and  full  Moons  ? 

B.  No ;  for  by  Reafon  of  the  W ater’s  Li- 
bration,  thofe  Tides  are  fomewhat  changed, 
being  greateft  about  three  Tides  later. 

A.  Are  the  fame  Tides  (viz.  Spring  or  Neap J 
in  the  fame  Place,  all  tne  Year  round,  equal  ? 

B.  No;  for,  as  I  fhewed  you  a  while  ago, 
the  Earth  is  fomething  nearer  the  Sue  in  the 
Winter  than  in  the  Summer  ;  therefore  the 
greateft  Equinoctial  Tides  are  oblerved  to  hap¬ 
pen  feme  1  ime  before  the  vernal  Equinox,  and 
after  the  autumnal  one. 

A.  Does  the  different  Polition  of  the  Moon 
in  her  Orb  make  any  Difference  of  the  Tides  ? 

B.  Yes;  becaule  m  the  diurnal  Revolution 
of  the  Moon,  that  Tide  of  the  two  ought  to 
be  greateft,  in  which  the  Moon  is  oeareft  to 
the  Zenith  or  Nadir  of  the  Place ;  therefore 
with  us,  the  Moon  being  neareft  our  Zenith  in 
the  Northern  Signs,  when  above  the  Horizon, 
inuft  then  caufe  the  greateft  of  the  two  Tides 
when  (he  paffeth  our  Meridian ;  but  being  near¬ 
eft  the  Nadir ,  when  in  the  Southern  Signs,  (lie 
makes  the  greateft  Tide  here,  when  fhepaffeth 
the  oppofite  Meridian,  below  the  Horizon  *. 

A .  Do 

Thefe,  2nd  allother  AfFeflions  of  the  Tides  arifinp-  from  the 
different  Latitudes  of  Places,  will  be  eafily^nd  bell  underflood  by 
Fig.  L XVI.  on  Plate  XX,  fronting  /.  233.  Where  APE/  is 

S  3  the 
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A.  Do  all  thefe  Phenomena  of  the  Tides 
agree  with  Gbfervations  every  where,  or  in  all 
Parts  of  the  Sea  ? 

B.  Very  fufficiently  in  the  main  Oceans; 
but  are  more  or  lefs  altered  and  interrupted  in 
Bays,  Straits ,  Havens ,  Sec,  where  thole  gene¬ 
ral  Caufes  cannot  produce  their  Effedts  freely. 
And  thus  I  have  related  to  you  all  the  general 
Affections  of  the  Tides,  which  you  may  re¬ 
duce  to  particular  Cafes  yourfelf. 

A .  Sir,  I  am  extremely  obliged  to  you: 
pray  tell  me  in  the  next  Place  whence  Fountains 
and  Springs  may  a  rife  ? 


the  Earth  covered  over  with  very  deep  Waters,  C  its  Centre, 
Yp  its  Poles,  AE  the  Equinoctial,  Ff  the  Latitude  of  a  Place, 
Da' another  at  equal  Diftance  on  the 'Other  Side  the  Equino&ial, 
H  b,  the  two  Points  where  the  Moon  is  vertical,  and  let  Kk  he 
the  great  Circle  wherein  the  Moon  appears  horizontal. 

It  is  evident  that  a Spheroid  defcribed  upon  Hh  and  Ki  dial! 
nearly  reprefen  t  the  Figure  of  the  Sea  ;  and  Of,  CD,  CF  and  C  d, 
fhall  be  the  Heights  of  the  Sea  in  the  Places  f,  D,  F,  ft;  in  all 
which  it  is  High  Water  :  And  feeing  that  in  i  2  Hours  Time,  by 
the  diurnal  Rotation  of  the  Earth, the  Point  /'  is  transferred  to  F, 
and  d  to  D,  the  Height  of  the  Sea  CF  will  be  that  of  High  Water 
when  the  Moon  is  prefen t,  and  Qf  .that  of  the  other  High  Wa 
ter  when  the  Moon  is  under  the  Earth  which  in  the  Cafe  of  .this 


Fio-ure  is  lefs  than  the  former  CF.  For  CF  is  near  the  greateft  Si- 
mi-diameter  of  the  Spheroid  CH,  and  C/is  neareft  the  lead  CK. 

And  in  the  oppofite  Parallel,  Dd,  the  contrary  happens;  the 
Riling  of  the  Water  being  always  alternately  greater  and  lefs  in 
each  Place  when  it  is  produced  by  the  Moon's  declining  fen- 
fibly  from  the  .Equinoctial,  that  being  the  greateft  of  the  two 
Hi  ah-  'Waters  in  each  diurnal  Revolution  of  the  Moon,  wherein 
ihe  approaches  neareft  either  to  the  Zenith  or  Nadir  of  the  Place, 
Confequently,  the  Moon  in  the  Northern  Signs  in  that  Part 
of  the  World  makes  the  greateft  Tides  when  above  the  Earth, 
and  in.  the  Southern  Signs  when  under  the  Earth  ;  the  Fife  ft 
being  always  the  greateft  where  the  Moon  is  fartfteft  from  the 
Horizon  .either  above  or  below  it ;  and  this  alternate  Increafe 
and  Decreafe  of  the  Tides  has  been  .obferved  to  hold  good  on 
the  Coaft  of  England,  at  Brifiol  by  Captain  Siurmy ,  and  at 
Fly  mouth  by  Captain  Cokprejfe.  Philof  Tranf.  N°  226. 

B.  Fain - 
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I>.  Fountains ,  or  Springs,  are  of  two  Sorts, 
nz>.  1 .  X  Hole  which  run  in  the  Jv  int  er  y  and. 
dry  up  in  the  Summer ,  called  temporal;  And, 
2.  Thofe  which  conftantly  keep  running,  called 
perennial  Springs.  ‘Temporal  Springs  arife 
generally  from  great  Rams  which  fink  thro" 
the  Surface  of  the  Earth,  and  are  colleded  in 
the  Crevices,  and  fubterraneous  Veins  and 
Channels,  and  feveral  fmaller  ones  uniting,- 
foi  m  larger  Courles,  which  tend,  thro’  various 
Winding^  and  Declivities,  to  feme  Part  of  the 
Earth  s  Superficies,  where  they  break  thro’ 
and  di Charge  themfelves  in  little  Streams  and 
Brooks.  Thofe  which  are  called  pererinial, 
are  fuppofed  to  derive  their  Waters  Com  the 
Ocean  itfclf,  by  Duds  and  hollow  Paffages 
running  thence  through  the  Bowels  of  the 
Earth  to  various  Parts  of  its  Superficies,  where 
they  di  Charge  them /elves,  as  do  others.  But 
many  very  learned  Naturalifts  are  of  Opinion, 
that  thele  are  fuppiied  with  their  Waters,  if  not 
wholly,  yet  chiefly,  by  Rain,  as  well  as  tempo- 
ral  Springs.  1  he  Learned  are  varioufly  divided 
in  their  Judgments  about  the  Original  of 
Springs:  However,  this  we  know,  that  Lakes, 
Wells,  and  feveral  Streams,  and  fome  great  Ri¬ 
vers,  owe  their  Original  intirely  to  Springs ;  as 
alto  all  Baths  and  Fountains  are  only' a  Col¬ 
lection  of  Waters  iffuing  from  thofe  Springs*. 

FI.  It 

Th^  great  dumber  of  thofe  who  hold ‘that  Springs  are  de-* 
rived  from  the  Sea,  and  of  thofe  who  afcribe  their  Original  to 
Ram  and  diffolved  Snow,  fee  in  Johnfonh s  Quad*.  Philosophic* 
Cap.  2.  Quaeft.  34.  r 

Dr.  Woodward  has  an  Hypothefis  which  makes  the  Orio-in  of 
Fountains  to  conlift  in  an  Abyfs  of  Waters  in  the  Bowels  of  the 

S  3  Earth 
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It  is  true,  that  I  can  fee  with  my  Eyes  i 
But,  pray,  whence  is  it  that  their  Waters  have 
fuch  vaftly  different  Qualities  ? 

B .  From  the  Qualities  and  Temperament  of 
the  Soil  or  Earth  through  which  thofe  fubter- 
ranean  Waters  pafs.  Thus  thofe  Waters  which 
pais  thro’  Lays  or  Beds  of  metallic  or  mine¬ 
ral  Earth,  carry  along  with  them  feme  of  thofe 
mineral  Particles,  and  thence  become  endued 
with  the  Quality  of  thofe  Metals  and  Minerals; 
and  thus  we  call  them  mineral  Waters,,  of  which 
there  are  various  Species,  as  acid ,  bitter ,  hot, cold, 
oily  or  fat,  coloured-,  boiling ,  petrifying,  fait,  &c. 
which  conftitute  various  Kinds  of  Baths  and 
Wells  of  medicinal  Waters :  Thus  thofe  Waters 
which  boil  up  hot,  are  made  fo  by  fubterranean 
Fires  and  Fumes  of  Sulphur,  and  other  inflam¬ 
mable  Subftances.  Thofe  which  are  fait,  con¬ 
tract  their  Saltnefs  from  the  Quantities  of  Salt 
they  pafs  through  in  the  Earth  ;  and  thofe 
which  are  oily,  &c.  from  the  fulphureous  and 
bituminous  Matter  melted  in  the  Bowels  of  the 

Earth;  which  Water,  he  fays,  is  made  to  afeend  by  Means  of 
fbbterranean  Fire.  Bat  Dr.  Arbuthnot  has  refuted  this  Dodlrine 
in  his  Examination  of  the  Doctor’s  Hiftory. 

All  this  Time  the  mod  plaufible  and  commonly-received  Hy¬ 
pothecs  concerningthe  Origin  of  Fountains,  is  that  of  Dr.  Edmund 
Halley ,  viz.  7  he  Condenj ation  and  Precipitation  of  Vapours  from  the 
'Tops  of  high  Mountains  by  a  cold  and  rarefied  Air  ;  where,  fays  he, 
the  Water  glee  ting  down  by  the  Crannies  of  the'E  tone, Part  thereof 
enters  into  the  Caverns  of  the  Hills,  and  gathers  together  as  in  an 
Alembic  into  theBafons  of  Stones  it  finds ;  which  being  once  fill¬ 
ed,  all  the  Overplus  runs  over  by  the  lowed;  Place,  and  breaking 
out  by  the  Sides  of  the  Hills,  forms  iingle  Springs  .  Many  of  thefq 
running  down  by  the  Tallies,  form  Rivulets  or  Brooks  ;  many  of 
thefe  uniting  their  Streams  in  the  Valley,  and  gaining  plain 
Ground,  become  lefs  rapid,  and  form  a  River  ;  and  many  of 
thefe  being  united  in  one  common  Channel,  make  fuch  Streams 
as  the  Rhine ,  the  Rhone ,  the  Danube,  See  .  Philof.  Tranf.  N°  192., 

Earth 
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Earth  by  Heat  and  Spirit ;  and  fo  of  the  reft. 
Thus  Var emits . 

A .  Pray,  to  conclude  this  Plead,  what  do 
you  think  of  the  Original  of  Rivers  f 

B.  Some  of  them  rife,  as  I  faid,  immediate¬ 
ly  from  Springs  themfelves ;  others  from  the 
Conflux  of  many  fmaller  Streams,  Brooks  and 
Rivulets,  which  together  make  one  great  Cur¬ 
rent  or  Stream.  Lafly,  Vaft  Defluxions  of 
Rain,  melted  Snow,  condenfed  Vapours,  &c. 
from  the  Sides  of  high  Mountains,  tear  up  the 
Earth,  and  form  the  largeft  Channels  and  Ri¬ 
vers  in  the  World,  whofe  rapid  Streams  all 
run  into  the  Sea  in  fome  Part  or  other. 

CHAP.  IV. 

Phytogr  a  phy,  or  ^Philosophy  ^Plants 
and  Vegetables,  of  Vegetation,  of 
their  Production,  of  the  Seed,  and  Seed 
Plant  of  the  Root,  of  the  Blade, 
Stalk  and  Trunk,  of  the  Bud,  Leaves 
WFlowers,  of  the  Fruit,  &c.  of  the 
Perspiration  of  Plants ,  &c. 

A,  IT^LEASE,  Sir ,  to  explain  to  me  the 
JL  Word  Phytography . 

A .  It  is  compounded  of  < purov,  a  Plant ,  and 
yooKpyi,  a  Defcription  ;  and  thus  it  implies  a 
phyfiological  Defcription  of  Plants ,  and  all  Kinds 
of  Vegetables . 

A .  Pray,  Sir ,  what  do  you  call  Vegeta¬ 
bles  ? 

S  B*  All 
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jB.  All  fuch  natural  Bodies  as  grow  and  in- 
create,  from  Parts  organically  formed,  or  iervjng 
as  Inftruments  to  convey  the  Principles  of  ve¬ 
getative  Life  ;  but  have  no  proper  Life  or  Sen- 
iation  5  fuch  as  Plants,  Shrubs,  and  Trees. 

A.  Pray  explain  to  me  what  you  mean  by 
vegetative  Life,  or  Vegetation. 

B,  The  Faculty  or  Quality  which  Plants 
are  endued  withal,  whereby  they  attradt  Nou- 
rifbment,  or  nutritious  juices  from  Earth,  and 
which  circulating  their  Subftan.ee,  caufeth  it  to 
extend,  unravel,  or  unfold  its  Paris  by  Degrees, 
tJll  at  lepgtb*  every  Part  turns  out  in  its  proper 
form  and  Site,  and  thus  the  Plant  is  perfected. 

A.  Do  you  fay,  that  the  vegetable  Life  and 
Grow tn  of  Plants  and  Trees  proceed  from  the 
juices  of  Earth,  and  not  from* the  Earth  itfelf  ? 

B-  Yes,  and  that  is  the  Truth  :  For  Mr.  Boyle 
found  by  Experiment,  that  a  Plant  of  three 
Pounds,  and  after  that,  a  Plant  of  14  Pounds, 
were  produced  from  a  Quantity  of  Earth,  wa¬ 
tered  only  With  Rain  or  Spring  Water,  which 
loft  fcarce  any  Thing  of  "their  Weight,  being 
precifely  weighed  dry,  before  and  '  after  the 
Production  of  the  Plants. 


A.  Indeed,  I  cannot  fay  but  fuch  an  Expe¬ 
riment  undeniably  proves,"  that  Plants  receive 
their  Growth  and'  Weight  from  the  Moiflure  of 
thte  Earth  altogether,  and  not  from  the  Sub¬ 
stance  of  the  Eijrth  itfelf. 


B,  Yes,  I  can  give  a  more  convincing  pi¬ 
ttance  yet :  Van  Helmet  dried  200  lb.  of  Earth, 
and  therein  planted  a  Willow  weighing  5  lb, 
W^ich  he  watered  with  Rain  or  diftilled  Water, 

U  .  '  .  :  -  i  1  '  ■  •'  •>  * 
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and  to  fecure  it  from  other  Earth  getting  in,  he 
covered  it  with  a  perforated  Tin  Cover:  After 
five  Years,  weighing  the  Tree  with  all  the  Leaves 
it  had  borne  in  that  Time,  he  found  it  to  weigh 
169  Pounds  three  Ounces,  but  the  Earth  to  have 
loft  only  about  two  Ounces  of  its  Weight*. 

A.  Sir ,  I  am  fully  convinced  and  fatisfied  of 
this  Matter :  But,  pray,  how  is  the  firlT  Gene- 
ration. or  Production  of  Plants  accounted  for  ? 

B .  All  Plants  and  Vegetables  are  immediate¬ 
ly  produced  and  generated  from  fome  Parent 
Plant ,  or  Vegetable  Seed,  of  the  fame  Species. 

A.  How  can  this  be,  when  Plants  have  been 
often  found  to  grow  where  Seeds  were  never 
fown,  or  could  come  ? 

B.  There  may  be  a  three-fold  Anfwer  given 

to  your  Query  :  For,  1.  It  is  poffible  thofe 
Plants  may  fpring  from  Seeds  which  may  have 
lain  hid  in  the  Earth  in  thofe  Places  more  than 
the  Age  of  Man ;  for  fome  Seeds  retain  their 
Fecundity  40  or  co  Years.  2.  They  might  rife 
from  Seed  wafted  thither  by  the  Wind,  which 
by  Reafon  of  its  wonderful  Small nefs  could 
not  be  feen.  3.  Thofe  Seeds  alfo  might  be 
brought  thither  in  the  Dung  of  Animals  at 
firft,  and  fo  increafe.  However,  nothing  can  be 
rpgre  effectually  confuted  than  the  atheiftical 
Dodtnne  of  th zfpontaneous  Production,  or  equi¬ 
vocal  Generation  of  Plants  or  Animals,  in  the 
Works  of  Modern  Naturalifls  A .  Well 

*  See  alfo  Dr.  Woodward* s  Experiments  relating  to  this  Mat¬ 
ter,  Philoi.  Tranf.  NQ  253.  Harris's  Lexicon,  under  the  Word 
Veget alien  ;  or  in  the  Philrjcphical  Library,  under  the  Title  Bo- 
Page  43  - . 

f  By  th t Jpontaneoui  Production  of  Plants  is  meant,  their  gronu« 
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A,  Well  then,  fmce  you  will  have  it  that 
every  Plant  is  produced  from  the  Seed  of  a 
Plant  of  the  fame  Species,  be  plea  fed  to  ex¬ 
plain  how  this  may  be, 

B .  It  is  the  Doctrine  of  modern  Phyfiologijls , 
that  every  Seed  hath  in  itielf  what  they  call 
Planta  Seminalis ,  or  Seed  Plant ;  that  is,  that 
the  Plant  which  is  produced  from  the  Seed,  is 
really  and  formally  contained  in  the  Seed  (be¬ 
fore  it  is  fown)  in  Miniature ;  and  when  the 
Seed  is  fown,  the  Parts  of  the  Seed  Plants  now 
in  Embryo ,  begin  to  vegetate,  unfold,  dilate, 
and  at  laft  bur  ft  the  Matrix  Seed ,  and  fo  fwell 
out  of  its  native  Bed  of  Embryonifm. 


ing ,  as  it  voere,  of  their  ovon  Accord ,  or  voithout  Seed ;  and  this 
in  regard  of  Anhnals  is  called  Equivocal  Generation ,  whereby 
they  are  produced  without  Parents  in  Coitu. 

That  this  Do<51rine  is  diredily  Atheifical ,  is  but  too  manifeft  ; 
for  fuppofing  the  Generation  offome  Plants  and  Animals  to  be 
fpontaneous  or  cafual  now,  we  can’t  tell  but  that  the  Genera¬ 
tion  of  all  might  have  been  fo  at  firft  ;  and  if  the  Being  of  any 
Thing  be  cafual,  or  proceeding  from  Chance,  it  is  certain  all  we 
can  find  in  the  Nature  or  Composition  of  fuch  a  Being,  muft  al- 
fo  be  fortuitous  or  by  Chance.  And  thus  all  the  Arguments 
derived  from  the  wonderful  Mechanifm  of  the  Whole,  and  the 
fur  priding  Structure  of  the  feverai  Parts  of  vegetable  and  animal 
Bodies  (the  two  great  Magazines  of  Natural  Religion)  are  ut¬ 
terly  deftroyed-  But  this  is  fo  notoriously  contrary  to  common 
Senfe  and  Reafon,  as  to  need  no  Refutation. 

Indeed,  to  thofe  who  know  not  the  Ufe  of  the  Mierofcope, 
and  have  made  no  nice  Enquiry  into  the  Nature  of  Things,  but 
eonfider  eyeryThing  in  a  rude  and  vulgar  View,  there  may  pof- 
fibly  appear  fome  fpecious  Arguments  for  fpontaneous  Genera¬ 
tion  ;  but  they  who  are  willing,  may  fee  them  all  confuted  in 
Bentley' s  Boyle's  Left.  Sermon  4.  Derham’ s  Phyfico  Theol. 
Book  IV.  Chap.  15.  Note  (1.)  Watts' s  Philof.  Effays,  Elfay  9. 
Wollafion' s  Relig.  of  Nature,  Page  88,  Fr.  Redi  Exper.  Nat.  & 
de  Gen.  Infe&arum.  Ray's  Wifd.  of  God,  Page  344.  Clerici 
Phyf.  Part.  IV.  Cap.  2.  §  33,  &  feqq,  More's  Antidote  againft 
Atheifm,  Book  II.  Chap.  6.  Harris’s  Lexicon,  at  the  Word 
Generation.  With  the  fev^ral  Authors  mentioned  in  Johnfon’s 
Philof.  Quapft.  Page  26,  27,  and  33,  34. 
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A.  Pray  how  came  they  by  fuch  a  ftrange 
Notion  of  the  Production  of  Vegetables  ? 

B.  By  the  Help  of  a  Microfcope ;  for  thereby 
they  have  difcovered  and  feen  the  involved 
Stamen  of  the  future  Plant  in  every  (ingle  Seed, 
which  is  a  very  curious  and  delightful  Spectacle 
indeed 

A .  Why  then,  according  to  this  new  Doc¬ 
trine,  the  fir  ft  original  Seed  of  each  Kind  (at 
the  Creation)  contained  in  it  all  the  future 
Seeds  and  Plants,  which  were  produced  from 
it  in  all  fucceeding  Ages ;  and  yet  itfelf  no 
bigger  then,  than  we  fee  it  now. 

B,  Yes,  it  did  fo  indeed ;  and  what  is  prov¬ 
ed  to  be  Fact,  cannot  be  called  in  Queftion, 

A.  I  cannot  help  queftioning  it :  Is  it  pcffi- 
ble,  for  Inftance,  that  one  of  our  white  boil¬ 
ing  Peafe  (which  is  capable  of  producing  above 
an  Hundred-fold  each  Year)  fhould  at  the 
Time  of  the  Creation  contain  within  its  fmall 
globular  Bulk  (about  Jj.  of  an  Inch  Diameter) 
all  that  yearly  Produdt  of  Peafe,  Cods,  and 
Haulm  or  Stalk,  of  that  Kind  ever  fince  ? 

B.  You  know  Matter  doth  confift  of  Parts 
or  Corpufcles,  inconceivably  finally  and  to  raife 
your  Admiration  the  higher,  let  us  make  the 

*  By  the  Sta?nen  i§  to  be  underkood  thofe  Rudiments  or  fim- 
ple  original  Parts  of  a  Plant  or  Animal  which  firft  exiil:  in  the 
Embryo  or  Fatal  State,  or  in  the  Seed ;  and  which  afterwards, 
by  Dill  in  ft  ion  and  Accretion  of  nutritious  Juices,  extends  it¬ 
felf  to  its  utmoli  Bulk,  and  then  the  Plant  or  Animal  is  faid  tp 
be  perfectly  formed,  or  arrived  to  its  mature  State.  This,  in 
Plants,  is  likewife  called  Germen  or  Gem ,  alfo  Plantule ,  or  fmall 
Plant ;  and  may  be  feen  in  all  Seeds  with  the  Microfcope,  and 
in  fome  with  the  naked  Eye,  as  the  Bean,  and  efpeclally  the 
Kidney-Bean,  where  the  very  Ribs  of  the  Leaves  of  next  Year’s 
Plant  are  vifibie  in  the  Seed  of  this. 

r  following 
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following  Calculation  :  Suppofe  in  y0Ur  own 
Cafe,  that  one  white  Pea  will  produce  an  100 
m  the  fir  ft  Year ;  then  thofe  100  will  produce 
each  an  100  more  the  fccond  Year,  and  fo  in 
all  1 0000;  thefe  would  produce  in  the  third 
Year  1000000,  in  the  fourth  Year  1 00000000, 
m  the  fifth  Year  ioooooooooo,  and  fo  on,  in- 
creaiing  each  Year  in  a  geometrical  Proportion, 
whole  common  Ratio  is  too;  fo  that  the  Pro- 
dud  in  any  Year  will  be  exp  relied  by  a  Number 
con  lifting  of  an  Unit,  with  fo  many  Cyphers 
annexed,  as  is  equal  to  twice  the  Number  ex¬ 
ploding  that  Year;  therefore  fuppofing  the  /foe 
ol  the  World  were  5673  Years  this  prefen  t 
1  ear,  men  ail  the  Peafe  produced  from  that  one 
1  ea,  to  this  Time,  would  require  a  Number, 
coniifting  of  11346  Places  of  Figures,  to  ex- 
prefs  them  :  But  the  Number  of  Peafe  (reckon¬ 
ing  50  to  a  foot  in  Length)  which  would  be 
contained  in  a  Cube  circumfcribing  the  Orb  of 
the  Planet  Saturn  { which  Orb  is  1 554000000 
Miles  in  Diameter)  would  require  no  more  than 
44  Places  of  f  igures  to  exprefs  them  :  The 
Quantity-  of  Peafe  hitherto  produced  would 
equal  fuch  a  Number  of  thofe  immenfe  Cubes, 
as  would  con fift  of  11303  Places  of  Figures  • 
which  is  vaftiy  beyond  all  Ccmparifon  and 
Human  Thought !  Befides  the  far  greater  Quan¬ 
tity  of  Haulm,  Cods,  Roots,  Leaves, 

^4,  Well,  thole  who  are  bleft  with  the  Gift 
of  Credulity  to  believe  any  Thing,  may  believe 
this  i  for  my  Part,  I  think  it  is  the  gJteft  Iml 
podibihty,  that  a  Imall  Pea  Ihould  contain  the 
Quantity  of  Matter  beforefaid,  which  is  fuffi- 

cient 
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cient  to  fill  Millions  of  Millions  of  Millions  of 
Worlds. 

B .  Then  I  find  there  is  no  making  a  modern 
modifh  Philofopher  of  you.  Sir,  in  every  Point  ? 

A.  No,  I  cannot  but  think  in  this  Cafe  they 
are  fome  Way  miftaken.  I  remember  you  told 
me,  the  Vulgar  were  often  deceived  by  Villon 
without  a  Glafs ;  and  it  is  poffible  the  Learned 
may  be  fometimes  with  one  :  But  leaving  this 
to  the  Inventors,  pray  what  Kind  of  Procefs 
doth  Nature  take  to  raife  the  Plant  from  the 
Seed  in  the  Ground  ? 

B.  The  Method  of  Nature  here  (as  in  all  her 

other  Works)  is  mo  ft  admirable,  as  will  appear 
in  the  curious  Meehaniftn  and  Conftrudion  of 
a  Bean  Root,  for  inftance ;  (fee  Fig .  XXXVII L 
onPlateXXll ,  fronting p.  262.)  In  that  Fi¬ 
gure  AB  reprefents  the  two  Lobes  of  the  Bean 
flit,  which  are  joined  together  by  a  little  white 
Sprig  in  O  ;  in  each  Lobe  you  fee  the  Branches 
aaa ,  of  that  called  the  Seed  Root  ee ,  every 
where  difpiayed  thro'  the  Body  of  the  Bean  : 
Thefe  Branches  of  the  Seed  Root  ee  feed  the  lit¬ 
tle  Sprout,  or  Earth  Root  oc  (defcending  down¬ 
wards)  with  the  Pulp  or  Matter  of  the  Bean  (pre¬ 
pared  by  the  Ferment  of  the  Earth)  till  the  faid 
Earth  Root  is  capable  of  penetrating  the  Earth, 
and  extending  its  Parts  fufficiently  enough  to 
extrad,  for  itfelf  and  the  Plant  it  is  to  fuftain, 
Nouriftirnent  from  the  Juices  and  Moifture  of 
the  Earth  :  For  from  this  Earth  Root  there 
fpringeth  upward  the  Sprout  F,  called  (by  Dr. 
Grew )  the  Pluma  or  Feather-,  and  inthisPfuma, 
and  the  Earth  Root  together,  is  contained,  in 
Miniature,  all  the  future  Plant*  A .  Why 
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A .  Why  then  it  appears,  that  the  Matter  or 
Subftance  of  the  Bean  ferves  much  the  fame 
Purpofe  to  the  Seed  Root,  as  the  Y oik  of  an  Egg 
to  the  Embryo  Chick ;  or  as  the  Earth  doth  af¬ 
terwards  to  the  Radicle,  or  Earth  Root  itfelf  ? 

B .  Yes,  it  doth  fo  ;  and  having  enabled  the 
Earth  Root  to  (hoot  into  the  Earth,  in  order  to 
procure  its  own  Nourishment,  it  is  then,  by 
Means  of  the  Seed  Root,  turned  to  the  Ufe  of 
the  Bluma ;  cauiing  it  alfo  to  fprout  upwards, 
in  order  to  become  a  Trunk  hereafter. 

A .  What  becomes  of  thofe  Seed  Lobes  AB, 
when  the  Earth  Root  no  longer  requires  their 
Ufe  ? 

B .  They  are,  in  mod  Seeds,  carried  upwards 
with  the  Bluma  out  of  the  Earth,  after  which 
they  compofe  the  Seed  Leaves ,  as  they  are 
called,  as  in  Cucumbers  and  French  Beans  we 
fee  them. 

A .  What  is  the  Ufe  of  thofe  Seed  Leaves  to 
Plants? 

B .  The  Effects  and  Ufes  of  thefe  Seed  Leaves 
(faith  the  learned  Malpighi )  are  fo  neceflary,  that 
if  they  are  pulled  off,  the  Plant  will  not  grow  ; 
or  if  it  fhould  any  Way  increafe,  it  won’t  be 
compleat,  but  always  defective.  The  Learned 
are  divided  as  to  their  particular  Ufes  to  Plants. 

A.  In  the  next  Place,  pleafe  to  let  me  know 
particularly  in  what  Manner  the  Root  of  the 
Plant  procures  Nourilhment  for  its  Growth  and 
Increafe. 

i  '  ; 

B .  In  order  to  this,  I  muft  (hew  you  the 
Make  and  Conftruction  of  the  Root,  and,  as  it 
were,  anatomize  the  feveral  Parts  to  your  View  ; 

and 
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and  then  point  out  their  Ufes.  To  this  End,  I 
fhall  choofe  two  Roots,  viz.  a  Root  of  Worm¬ 
wood ,  as  Fig.  XXXIX.  on  Plate  XXIII,  front¬ 
ing  p.  2S7 ;  and  a  Horfe-Radifh  Root,  Fig .  XL. 
on  the  fame  Plate ;  in  each  of  which,  T  re- 
prefents  the  Root  cut  tranfverfely  as  it  appears  to 
the  naked  Eye:  The  other  great  quadrantal 
Figures  are  each  a  Quarter  of  the  aforefaid 
Sedtion  T,  magnified  to  the  Sight  by  a  Micro - 
f cope ;  which  thus  enlarged,  fhews  the  various 
organical  Parts  of  which  it  is  compofed,  and  by 
which  Vegetation  is  performed. 

Vi.  And  does  this  Glals,  indeed,  thus  mag* 
nify  and  enlarge  the  fmall  Sedtion  T  ?  What 
wonderful  Discoveries  have  been  referved  for 
this  curious  and  inquifitive  Age!  Pray  defcribe 
to  me  the  different  Appearances  of  thofe  mag¬ 
nified  Sedtions. 

B.  I  will,  in  the  following  Order.  1.  Ah  is 
the  Skin  or  Rind,  or  outward  Membrane  in¬ 
cluding  the  Root.  2.  From  A  to  C  in  the 
Wormwood  Root  is  the  Bark,  which  is  a  mem¬ 
branous  Subftance,  confifting  partly  of  a  great 
Number  of  little  Bladders  or  Veficles  BBB;  the 
fame  is  rep  refen  ted  by  AB  in  the  Horfe-Radifh 
Root:  Italfo  confifteth  in  Part  of  a  ligneous  or 
woody  Subftance,  as  from  B  to  L  in  the  Root 
laft  named.  3.  The  Wood  of  the  Root  is  all 
that  Part  between  B  and  E  in  the  Horfe-Radifh 
Root ;  and  from  CC,  to  the  very  Centre  in  the 
Wormwood  Root.  4.  The  Wood  of  the  Root 
confifteth  alfo  of  two  different  Subftances,  viz. 
a  ligneous  one,  properly  the  Wood,  as  EEE,  and 
a  parenchvmous  one,  like  that  of  the  Bark,  as 

DDD, 
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DBD,  inferted  regularly  between  the  Portions 
of  .Wood ;  thefe  are  very  diftindt  in  the  Worm - 
wood  Root,  but  in  the  Radifh  Root,  and  in  fe- 
veral  others,  they  'are  not  fo  vifible.'  5.  In  the 
Wood  you  fee  the  Orifices  of  feveral  Tubes,  or 
hollow  Veins  aaaa,  which  are  the  Mouths  of 
Air-Veflels.  6.  From  G  to  E,  in  the  Radifh 
Root,  is  another  little  Circle  of  Veffels,  like 
thofe  of  the  Bark.  7.  Laftly ,  From  E  to  the 
Centre,  in  the  Radifh  Root,  is  the  Pith,  which 
confifteth  of  the  fame  parenchymous,  or  fpongy 
S abidance  of  Bladders,  as  doth  the  Bark,  and 
Part  of  the  Wood ;  but  the  Pith  is  not  com¬ 
mon  to  all  Roots,  as  you  fee  there  is  none  in 
the  Wormwood  Root  % 

A ,  Arid,  pray,  what  is  theUfe  of  the  feveral 
Parts  of  the  Root  now  defcribed  ? 

B.  The  Bladders  in  the  Bark  render  it  a 
fpongy  Sub  fiance,  which  therefore  is  fit  to  im¬ 
bibe  and  luck  up  the  watery  Parts  of  the  Soil, 
which  are  impregnated  with  the  Principles  of 
vegetable  Life  and  Growth:  This  impregnated 
Water  imbibed  by  the  Bark  is  what  we  call  the 
Sap ;  the  Skin  of  the  Root  ferving  as  a  Filtre, 
to  iirain  and  purify  it  at  its  firft  Entrance.  2. 
The  Sap ,  thus  {drained  and  imbibed,  doth  fer¬ 
ment  in  the  Subfiance  of  the  Bark,  whereby 
it  becoms  farther  prepared,  and  fo  doth  more 
eafily  infmuateitfelf  into  the parenchyrnousSub- 

*  The  Word  parenchyma  was  formerly  ufed  to  denote  that 
red  flefhy  Subitance  which  lies  between  the  Interfaces  of  the 
Veffels  in  the  Bowels,  and  gives  them  their  Bulk  ;  as  in  the  Li- 
ver,  Kidneys ,  Spleen,  &.c.  from  whence  it  was  afterwards  ufed  to 
fjgfiify  the  foft,  Ipongeous,  or  pulpy  Parts  of  any  Body,  as  of 
the  Leaves,  Roots,  &c.  of  Plants.,  And  hence  it  is  ufual  to  fay,, 
fuch-  Parts  are parenchymous,  that  have  fuch  a  Matter  and  Texture, 
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fiance  of  the  Root;  whereupon,  partly  by  the 
Appulfe  of  frefh  Sap ,  and  partly  by  the  pulfive 
Motion  of  the  extended  Bladders  of  the  Parent 
chyma,  the  Sap  is  forced  thence  into  the  other 
Parts  of  the  Root ;  and  is  Bill  more  and  more 
Brained  in  its  Paffage  from  Bladder  to  Bladder. 
3.  The  Sap,  thus  diftributed  through  the  whole 
Root,  doth  fupply  its  organical  Parts  with  thofe 
Principles  of  Nourifhment  which  every  one  re¬ 
quires  ;  and  thus  the  Root,  by  the  conftant  Ap¬ 
plication  of  thofe  nutritious  Principles,  receives 
its  Increment ,  Solidity ,  and  Growth ,  or  vegeta¬ 
tive  Life  and  Motion  in  every  Part. 

A.  To  what  End  do  thofe  you  call  Air-Vef- 
fels  ferve? 

B.  In  them  is  contained  a  proper  Kind  of 
vegetable  Air  or  Vapour,  which  ferveth  to  fer¬ 
ment  the  Sap  now  entering  the  ligneous  Part, 
the  better  to  qualify  it  for  Afiimilation,  or 
uniting  therewith. 

A .  Why,  I  pray,  do  the  Roots  of  fame 
Plants  yield  a  milky  Juice  or  liquor,  and  others 
a  clear  watery  one,  when  cut  ? 

B .  Becaufe  that  in  each  Root,  the  Fluid  or 
Liquor  of  each  organical  Part  is  made  chiefly  by 
different  Filtration  of  the  Sap  through  the  Sides 
thereof;  therefore  thofe  which  Brain  more  freely 
the  aqueous  or  watery  Part  of  the  Sap,  contain 
a  Lympha ,  or  clearWater;  and  are  hence  called 
Lymph  adults ;  and  where  thefe  are  moft  nume¬ 
rous  in  Roots,  fuch  Roots,  when  cut,  will  bleed 
a  Lympha .  As,  on  the  other  Hand,  thofe  Vef- 
fels,  which  are  difpofed  to  admit  the  oily  or 
balfamic  Part  of  the  Sap  moft  copiouflv,  are 
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called  TaStiferaus  Veffels ;  and  Roots,  which  con¬ 
tain  a  great  Plenty  of  thofe,  will,  when  cut, 
bleed  a  milky,  oily,  or  balfamic  Liquor. 

A.  When  the  Root  is  thus  formed,  and  in- 
flrudted  with  all  its  feveral  Organs  of  Vegeta¬ 
tion,  as  you  have  now  related ;  pray  which  is 
the  next  Step  which  Nature  takes  in  the  Pro¬ 
duction  of  the  Plant  ? 

B.  The  Root  being  now  become  the  Procu¬ 
rator  for  the  future  Plant,  doth,  by  extracting 
from  the  Earth,  by  its  Veffels,  proper  vegetable 
Juices  and  Aliment,  adminifter  or  communicate 
the  fame  to  the  Phima ,  or  Seed-Plant  (fuftained, 
till  now,  from  theSubftance  of  the  Seed,  by  the 
Seed-Root,  or  Seed-Leaves)  and  thereby  caufeth 
it  to  fhoot  forth  vigorously  and  increafe,  and 
gradually  to  fweli  out  or  unfold  all  its  Blades, 
Branches,  Buds,  Leaves,  Flowers,  and  Seeds 
again,  from  various  Parts  of  its  Stalk  or  Trunk. 

A.  Then,  I  fuppofe,  the  fame  Mechanifm, 
or  Apparatus  of  organized  Parts,  is  continued 
from  the  Root  to  the  Trunk  or  Stem  of  the 
Plant  for  the  Communication  of  this  vegetable 
Sustenance  is  it  not  ? 

B.  Yes ;  and  that  you  may  fee  it  is  fo,  I 
have  taken  Fig. XLI.  on  Plate  XXIV.  fronting 
p.  290,  from  Dr.  Grew ,  for  your  Satisfaction : 
in  which  T  reprefents  one  Quarter  of  a  Section 
of  a  Haile-Branch,  as  it  appears  to  the  Eye  ; 
AGB  is  the  fame  as  it  appears  through  a  good 
Microfcope ;  wherein  AB  is  the  Skin;  ABCD 
the  Bark  ;  QQQjthe  Parenchyma  of  Bladders, 
or  Sap-Veffels;  HI  a  Ring  of  a  fpecial  Sort  of 
Veffels;  PP  common  Sap-Veffel$;  CDEF  the 

4  *  ligneous 


/ 


1  j7'o?zt  J* a  cf  e  %go  . 


Plate  XXLV 


cSyXLI. 

Taye  o  . 


Of  the  Motion  of  the  Sap .  291 

ligneous  Subftance,  or  Wood,  of  three  Years 
Growth;  KLFE  the  Wood  of  two  Years; 
MNEF  the  Wood  of  the  fir  ft  Year;  XX  the 
parenchy mous  Infertions ;  O  the  Pith  full  of  V e~ 
ftcles ;  the  black  Parcels  are  the  folid  Wood  ; 
thofe  numerous  Holes  appearing  all  over  the 
fame,  are  the  Mouths  of  Air-Veffels:  Thus 
you  fee  the  organical  Conftitution  of  the  Stalk, 
or  Trunk,  is  the  fame  with  that  I  before  {hewed 
in  the  Root. 

A .  It  is  fo  indeed,  and  I  am  furprized  to  fee 
fuch  wonderous  Contrivance  and  Analogy  of  the 
Organization  of  Vegetables !  But,  pray,  go  on. 

B.  The  nutritious  Sap  afcends  the  firft  Year 
of  a  Plant’s  Growth  by  the  Veffels  of  the  Pith; 
after  which  the  Pith  becomes  dry,  and  fo  con¬ 
tinues.  2.  The  next  Part,  through  which  the 
Sap  rifeth,  is  the  Wood,  by  the  Air-Veffels,  and 
that  only  in  the  Spring.  3.  The  third  Part,  by 
which  it  afcends,  is  the  Bark,  as  before  faid,  the 
greateft  Part  of  the  Year ;  and  this  is  the  gene* 
ral  Theory  of  the  Motion  of  the  Sap  *. 

*  Thus  the  learned  Dr.  Grew;  but  it  is  a  Matter  of  great 
Controverfy  how  the  Sap  afcends,  and  what  Courfe  it  takes  after 
it  is  imbibed  by  the  Roots,  whether  it  is  by  the  Bark ,  the  Pith, 
or  the  Wood ,  or  all,  as  above-mentioned.  The  Retainers  to  each 
Hypothefis,  and  the  Arguments  produced  to  fupport  it,  fee  in 
Shaw’s  Notes  to Boerhaanje’s  Chymiihy,  p.  146,  147,  and  148 
of  the  Theory. 

Some  Naturalifts  ftrongly  maintain  a  Circulation  of  the  Sap  hi 
Plants  and  Trees :  But  the  Reverend  Mr.  Hales ,  in  his  Vegetable 
Statics ,  will  not  allow  it,  but  endeavours  to  prove  the  contrary, 
Vol.  I.  Exper.  46, 

Dr.  Bcerhaa-ve  fays,  that,  fince  the  Sap  is  furnifihed  by  the 
Earth,  it  will  confift  of  fom z  foJJUe  Paris,  fome  Parts  delivered 
from  th eJir  and  Rain,  and  others  from  putrefied  Animals, Plants, 
&c.  and  that  therefore  in  Vegetables  are  contained  all  Kinds  of 
Salt,  Oil,  Water,  Earth ,  and  probably  all'Kinds  of  Metals  too, 
iince  their  Afhes  always  afford  fomewhat  which  the  Loadltone 
attracts.  Vheory  of  Chymijlry,  by  Shaw,  Page  147. 
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A .  But,  fince  both  Root  and  Branch  contain 
Air-Veflfels,  pray,  in  what  Part  of  the  Plant 
doth  the  Air  firft  enter  it  ? 

i  .  _  .  4 

jB.  The  chief  Entrance  of  Air  is  at  the  Root, 
along  with  the  Sap ;  but  it  alfo  enters,  more  or 
lefs,  at  the  Trunk,  Leaves,  &c.  Parts  of  the 
Plant :  The  Air,  or  airy  Part  of  the  Sap ,  be¬ 
ing  thus  raifed  in  its  proper  Veffels,  is  filtred 
through  the  fame  into  the  Velicles  of  the  pa- 
renchymous  Infertions  in  the  Wood;  and  thus 
is  difiributed  through  all  the  Parts  of  the  Plant 
or  T ree  *. 

A .  Pray  why  are  the  Stalks  of  fome  Plants 
hollow  within  ? 

B.  Partly  for  the  more  expedient  Ripening 
of  the  Fruit  or  Seed,  which  is  better  effected 
by  a  more  plentiful  Supply  of  Air  by  thefe  hol¬ 
low  Trunks;  and  partly  for  the  better  deter¬ 
mining  the  true  Age  of  the  Plant;  for  the  Air 
in  this  Hollow,  by  drying  up  the  Sap,  ihrinketh 
the  Sapr Veffels  fo  far  as  to  hinder  the  Motion 
of  the  Sap  therein ;  whence  the  Plant  mud 
perifh  of  Courfe  :  Hence  it  is,  that  the  greater 
Part  of  annual  Trunks  are  hollow. 

A .  Pleafe  next  to  fay,  whence  the  Form  or 
Figuration  of  the  Trunks  of  Plants  and  Trees 
proceeds  ? 

B.  Chiefly  from  the  Air  in  the  Air-Vefiels  : 
Thus  almoft  all  Shrubs  have  a  greater  Number 
of  Air-Vefiels,  and  thofe  of  a  fmaller  Size ; 

*  Mr.  Haleshas  proved,  by  many  curious  Experiments,  that 
all  Plants  perfpire  in  a  confiderable  Degree,  but  E<ver-greens  the 
leaft  of  any.  He  difcovered,  that  the  Quantity  of  Nourilhment, 
imbibed  and  perfpired  in  a  Sun-Flower ,  is  to  that  of  a  Man, 
Bulk  for  Bulk,  as  17  to  1.  Vegeta  Statics ,  Exper.  1. 
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which,  therefore,  moft  eafily  yielding  to  the 
magnetic  Attra&ion  of  the  external  Air,  do 
confequently  fpread  much  abroad ;  by  which 
Spreading  the  Air-Veflels  do  fooner  and  more 
eafily  ftrike  into  the  Bark,  and  fo  produce  col¬ 
lateral  Buds  and  Branches,  and  that  upon  the 
firft  Riling  of  the  Plant  from  the  Root;  and 
thus  it  becomes  a  Shrub  :  But,  if  the  faid  Air- 
Veflels  are  very  large,  as  in  Oak,  Walnut,  Elm, 
&c.  they  will  not  fo  eafily  yield  or  (hoot  out 
collaterally  ;  and  fo  the  Trunk  grows  up  taller 
and  more  entire. 

A .  Why  do  fome  Trees  run  up  fo  very  (len¬ 
der,  and  others  fo  very  thick  and  big  ? 

B .  This  is  from  the  Pofition  of  the  Air-Vef¬ 
fels  ;  for  where  they  lie  moft  circular  round 
the  Center  in  Form  of  Rings,  as  in  Elm  and 
Alh,  there  the  Tree  in  Proportion  grows  more 
tall  and  taper,  and  lefs  thick;  But,  when  the 
faid  Veflels  fpread  more  broad,  and  are  poftured 
in  Lines  from  the  Center,  as  in  Oak,  &cf 
then  the  Tree  grows  very  thick ;  in  this  Cafe, 
the  diametrical  Growth  of  the  Wood  is 
more  promoted  than  in  any  other ;  For  which 
general  Reafon,  alfo,  Trees  grow  round  or  an¬ 
gular. 

A.  Pray,  how  comes  it  to  pafs,  that  feveral 
Stalks  of  Plants  have  Joints  ox  Knots?  And 
what  is  their  Ufe  ? 

B.  Becaufe,  in  forming  the  Branch  or  Blade, 
both  the  Rind  and  woody  Subftance  thereof  are,, 
upon  their  (hooting forth,  divaricated  from  their 
perpendicular  Pofture  to  a  crofs  Pofition,  and 
$$  they  with  the  other  grow  and  thrive  toge- 
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ther,  they  bind  and  throng  each  other  into  a 
Knot,  The  Ufes  of  Knots  are  two,  viz*  for 
ftrengthening  the  Stem,  and  for  finer  Growth; 
for  the  Knots  ferve  to  drain  and  tranfmit  the 
juices  more  refined  to  the  upper  Parts,  and  to 
the  Fruit. 

A.  How  do  you  account  for  the  ProduShon 
and  Textures  of  the  Leaves  ? 

B.  The  Parts  of  the  Leaf  are  fubftantially  the 
fame  with  thofe  of  the  Branch;  its  Skin  is  the 
Continuation  of  that  of  the  Branch;  the  Fibres, 
or  Nerves,  difperfed  through  the  Leaf,  are  only 
Ramifications  of  the  Branch's  Wood,  or  ligneous 
Body ;  the  parenchymous  Subftance,  which  lies 
between  the  Fibres,  is  nothing  but  the  Conti¬ 
nuation  of  the  cortical  Body,  or  Subftance  of 
the  Bark,  fpread  through  the  fame 

A*  Pray 


*  The  Leaves  of  Plants  (fuch  as  have  woody  Fibres)  are  eafily 
anatomized,  and  a  Skeleton  of  the  Fibres  made  as  follows  : 

1 .  The  Leaves  muft  be  gathered  when  full  grown,  or  old,  but 
not  dry  ;  then  expole  them  in  an  open  VefTel  of  Water,  and  as 
faft  as  it  evaporates  hi!  it  up  again. 

2.  After  about  a  Month  or  two  the  Leaves  will  begin  topu- 
trify,  or  grow  foft ;  and  the  Pellicle,  or  thin  Skin  on  each  Side, 
will  firft  begin  to  feparate  from  thepulpous  Part  of  the  Leaves. 

3  The  Leaf  is  then  to  be  put  into  a  broad  Pan  of  Water, 
where  you  have  Room  to  fqueeze  the  pulpous  or  green  Sub* 
fiance ’of  the  Leaf,  which  muft  be  very  gently,  andyt  will  eafily 
feparate  from  it,  and  leave  an  entire  Skeleton  of  Fibres. 

4.  Or  fometimes  I  have  only  .laid  the  Leaf,  ftript  of  its  Skins 
or  Membranes,  on  aPiece  of  Paper,  where,  after  it  has  lain  a 
little  to  dry,  1  have  only  taken  hold  of  the  Tail  of  the  Leaf,  and, 
gently  raifing  it,  the  Skeleton  has  freely  feparated  from  thePulp, 
which  adhered  to  the  Paper. 

5.  In  many  of  thefe  Skeletons,  as  that  of  the  Apple-Tree, 
Cherry-Tree,  Holm,  yo£i  will  find,  that  all  the  Fibres,  grea 
and  final!,  are  double  ;  or  that  there  are  two  Layers  or  Planes  o 
Fibres,  which,  you  will  obferve,  may  be  ealily  feparated  from 
each  other  through  the  whole  Skeleton. 


6.  Thefe 
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The  Ufe  of  Leaves . 

A .  Pray  what  is  the  Ufe  of  Leaves  ? 

j B.  F/r/?,  For  Prote£tion,  which  they  afford 
to  each  other,  and  to  the  Flower  in  the  Bud; 
as  alfo  to  the  Fruit  itfelf  in  fome  Plants.  Se¬ 
condly,  For  Augmentation;  for  the  Capacity  for 
the  due  Spreading  and  Ampliation  of  a  Tree,  or 
Plant,  are  its  Leaves.  Thirdly ,  They  ferve  to 
the  greater  Purity  and  Preparation  of  the  Sap; 
the  groffer  Parts  of  which  are  retained  in  the 
Leaves,  while  the  more  elaborate  and  effential 
are  fupplied  to  the  Flower,  Fruit,  and  Seed,  as 
their  proper  Aliment.  Fourthly ,  They  ferve  to 
Perfpiration ;  for  thofe  Orifices,  obferved  to  be 
in  Leaves,  perform  the  fame  Functions  in  Trees, 
as  the  Pores  of  the  Body  do  in  Men;  that  is, 
to  caule  an  invifible  Perfpiration  in  Plants  *. 

A .  Pray 

6.  Thefe  two  Planes  of  woody  Fibres,  which  oppofe  the 
Skeleton  of  a  Leaf,  arefuppofed  to  be  analogous  to  the  Arteries 
and  Veins  of  an  Animal  Body.  But  there  is  no  difcerning  which 
are  the  arterial,  and  which  the  venal  Fibres.  See  the  Figure 
of  the  Skeleton,  and  its  Duplicature,  of  an  Apple-Leaf  in  Fig . 
LXV1I.  on  Plate  XX.  fronting  Page  233. 

7.  After  a  like  Manner  may  Fruits  be  prepared,  and  Skeletons 
of  them  procured,  as  Apples ,  Pears ,  Peaches ,  &c.  They  mult 
be  found  and  good,  pared  very  nicely,  then  boiled  gently  till 
they  are  thoroughly  foft ;  then,  taking  them  out,  and  putting 
them  into  a  Bafon  of  cold  Water,  hold  the  Tail  in  one  Hand, 
and,  with  one  Finger  and  Thumb  of  the  other,  rub  the  Pulp  gent¬ 
ly  off,  and  preferve  the  Skeleton  in  Spirit  of  Wine  redtified. 

8.  Carrots,  and  other  Roots  that  have  woody  Fibres,  mull  be 
boiled  without  paring  till  they  grow  foft,  and  the  Pulp  comes 
off.  Not  only  many  Sorts  of  Roots,  but  the  Bark  ol  feveral 
Trees  alfo,  maybe  reduced  after  this  Method  into  Skeletons, 
prefenting  rare  and  curious  Views  of  Vegetables.  Pbilof.  Pranf. 
N°  414,  and  416. 

#  Notwithftanding  the  greatPerfpiration in  Animalsand  Plants, 
I  neveryet  could  difcover  any  Thing  like  Pores  in  the  Scarf-Skin 
of  the  one,  or  the  fine  Membranes  which  cover  the  Leaves  of  the 
other;  though  I  have  often  foughtthem  in  the  molt  proper  Sub¬ 
jects,  and  with  the  bell  Sort  of  double  refiedling  Microfcopes. 

X  4  1  know 
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A.  Pray  what  do  you  ofaferve  concerning  the 
Flowers  of  Plants  ? 

B.  In  the  Flower  may  be  obferved  :  i.  The 
Empalement,  or  Calyx,  or  the  Cup,  which  con¬ 
tained!  the  Flower,  and  is  ddigned  for  the 
Guard  and  Security  of  the  other  Parts  of  the 
Flower.  2.  The  Foliation,  or  Compofure  of 
Leaves,  which  are  of  divers  Forms  and  Colours; 
whofe  eonftituent  Parts  are  the  fame  as  thofe 
of  the  Leaves,  viz.  Skin,  Parenchyma,  Air, 
and  'Sap-Veflel's.  3.  Within  the  Foliage  ftands 
the  Attire ;  that  is,  thofe  fine  upright  Stems 
with  their  Apices ,  and  the  Style  in  the  very 
Middle  of  all;  and  thefe  are  the  general  Parts 
of  which  the  Flower  doth  con  lift. 

A.  Pray  can  you  tell  the  Ufes  of  thofe  feveral 
Parts  of  the  Flower  ? 

B.  The  Empalenient,  asl  fald,  is  for  the  Secu¬ 
rity  of  the  Flower  in  Embryo ,  and  afterwards  for 
the  Support  of  theFoliage,  to  keep  the  Leaves  of 
the  Flower  in  due  and  decorous  Pofture,  which 

I  know  Mr.  Lenvenhoek  (in  Tranf.  N°  3 6g)  tells  us,  that  he 
has  viewed  thefe  Pores  or  Spiracles  very  clearly  in  the  Leaves 
tf  Box  i  and  that,  on  one  Superficies  of  fuch  a  Leaf,  he  has  com¬ 
puted  172090  Pores,  and  on  the  other  as  many.  The  Royal- 
Society  hasyeceived  and  admitted  this  to  pafs  for  Truth  ;  whereas, 
I  believe  it  may  be  eafily.  made  to  appear,  that  nothing  is  more 
falfe,  and  that,  inflead  of  feeing  3441 80  Pores,  he  never  fa  wane. 
It  is  no  hard  Matter  alio  to  point  out  the  Grounds  pf  the  Fallacy, 
or  to  prove,  that  this  is  not  the  only  Error  which  this  Prince  of 
the  Virtuofi  has  fallen  into,  and  publifhed  to  the  World.  But 
thefe  Matters  rnuft  be  referred  to  a  future  Trad  on  thefe  Subjects. 

I  (hall  only  here  obferve,  that  there  is  fomething  exceeding  fine 
and  delicate  in  the  Texture  of  the  Pellicle  or  "fine  Membrane 
which  covers  the  Box  Leaf,  and  alfo  in  the  Skeleton  made 
fhereof.  Alfo  that  the  tranf  parent  Spherules,  or  round  ckarDrops, 
landing  all  over  the  Surf  ace  of  the  Leaves  of  Hy/fop ,  Mint,  &e, 
*md  others  of  other  Forms  and  Colours  on  other  Plants,  make 
a  very  pieafant  and  delightful  View  in  the  Microfeope. 

would 
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would  otherwile  hang  uncouth  and  taudry,  as 
a  Lady  without  her  Bodice.  The  Foliage ,  or 
Leaves  of  the  Flower,  defend  the  Attire,  and 
in  fome  Plants  the  Fruit;  it  alio  ferves  for  the 
further  Refining  and  Separation  of  proper  Parts 
of  the  Sap  for  the  perfe&ing  the  Seed.  The 
Attire  is  an  Ornament  and  Diftindlion  in  Flow¬ 
ers.  It  fupplies  alfo  divers  Kinds  of  fmall  Ani¬ 
mals  with  Food,  which  harbour  therein;  that 
is,  in  the  ITollownefs  of  the  Style.  Laflly ,  it 
is  fuppofed,  it  alfo  ferveth  as  Male  Sperm  to  im¬ 
pregnate  and  frudtify  the  Seed 

A.  What  is  the  Nature  and  Compofition  of 
•Fruit,  I  pray  you? 

B.  The  general  Nature  and  Compofition  of 
all  Fruit,  is  one  and  the  fame ;  that  is,  their  ef- 

*  That  there  is  fuch  a  Thing  as  a  Sex  in  Plants;  that  fome 
I  lants  are  hlale^  others  Female^  and.  mo ft-  Hermaphrodit  e  \  and  that 
the  Flower  is  the  Pudendum  of fho  Plant,  as  containing  the  Parts  of 
Generation;  are  Points  agreed  on  as  certain  by  modernNaturaliits. 

2.  The  Male  Pa/ts  of  a  Flower  are  the  Stamina ,  or  Steins, 
and  their  Apices,  orlittle  Tops,  which  contain  the  fine  Powder,  or 
F arina ,  which  is  imagined  to  be  the  Semen ,  or  Sperm  of  thePJant. 

3*  The  Female  Parts  are  the  Style,  which  ferves  to  receive  the 
Semen,  and  the  Seed-Cage  at  the  Bottom  of  the  Style,  which  is 
judged  to  be  the  Matrix,  or  Womb  of  the  Plant. 

4.  Some  Plants  have  only  the  Male  Parts  of  the  Flower,  and 
they  never  bear  Fruit;  others  the  Female  Parts  only,  and  they 
bear  hmit.  In  others,  as  Cuciunhers ,  Melons ,  Gourds ,  Walnut, 
OaK:,  Beech,  Or.  the  Male  and  / emale  Flowers  grow  at  fome 
Diftance  from  each  other.  But, 

c.  Molt  Plants  are  Hermaphrodite ,  or  have  the  Male  and  Fe- 
mak  Parts in  the  fame  Flower,  as  the  Pulp,  Lily,  Polyanthus,^. 

6.  1  he  Learned  can’t,  as  yet,  fully  prove  the  Manner  of  Im¬ 
pregnation  and  Generation  cf  Plants ;  it  is  generally  agreed, 
that  the  Farina  falling  from  the  Apices ,  is  received  by  the  Style 
or  Pigas,  which  conveys  it  to  the  Seed-Cafe  below,  where"  it 
impregnates  the  Bmbryo-Seed  contained  therein.  There  is 
much  to  be  Laid  for  and  againft  this  Hypothecs,  a  ihort  View  of 
winch  Controversy  the  Reader  may  meet  with  in  Shaw's  Notes 
*0  P  ,£{  haaaje  $  Chymijlry ,  Page  149  and  1 50  of  the  Theory,  and 
m  the  other  Botanical  Authors. 

fential 
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fential  and  truly  vital  Parts  are  in  all  the  fame 
and  but  the  Continuation  of  thofe  which  I  have 
already  obferved  to  you,  do  conftitute  the  other 
Parts  of  the  Plant.  But,  by  the  different  Con- 
ftitution  and  Textures  of  thefe  Parts,  divers 
confiderable  different  Fruits  refult,  as  Apples9 
Pears- ,  Plums ,  Nuts ,  Berries ,  &c. 

A .  Pray  what  are  the  particular  Parts  which 
cornpofe  thofe  different  Fruits  ? 

B+  The  Apple  doth  confift  of  thefe  four,  viz. 
the  Billing,  the  Parenchyma  or  Pulp ,  Bran¬ 
ch  ery,  and  Goar.  The  Pear  hath  five  diftindt 
Parts  ;  the  Pilling ,  the  Parenchyma ,  the  Bran - 
chery,  Galculary ,  and  Acetary .  The  Plum  (to 
which  the  Cherry ,  Apricot ,  Peachy  &c.  may  be 
referred)  confifts  of  four  Parts ;  the  Pilling , 
Parenchyma,  Branchery ,  and  Stone.  The  Berry 
confifteth  of  four  Parts ;  the  Pilling ,  the  Paren¬ 
chyma,  Branchery ,  and  Seed.  The  Nut  con- 
fifleth  of  three  Parts ;  the  Gap,  the  £/&<?//,  and 
P/V/6.  All  which  are  regularly  treated  of  by  Dr. 
Grew  in  his  Anatomy  of  Plants. 

A>  Pray  (to  be  fhort)  what  are  the  principal 
TJfes  of  Fruit  ? 

B.  The  Ufe  of  Fruit  is  two-fold  :  For,  frf, 
it  ferveth  Man  (and  I  may  fay  Beaft)  as  a  deli¬ 
cious  and  pleafant  Meat,  or  Food;  befides  the 
various  Purpofes  of  Medicine.  Secondly ,  It  fup- 
plies  the  Seed  with  a  due,  and  moft  convenient 
Sap  ;  the  Fruit  doing  the  fame  Office  to  the  Seed, 
as  the  Leaves  do  to  the  Fruit,  viz.  that,  by  a 
due  Purification  and  Exaltation  of  the  Sap,  the 
Seed  may  obtain  its  Perfection. 

A.  Pray  what  is  the  Seed ,  in  its  State  of  Ge¬ 
er  at  ion  ?  B.  As 
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B.  As  the  original,  fo  the  ultimate  End  and 
Perfection  of  Vegetation,  is  the  Seed.  How  it 
hath  been  in  its  State  adapted  to  Vegetation,  we 
have  already  feen.  Its  State  of  Generation  is  as 
follows :  The  Sap,  having  in  the  Root,  Trunk, 
and  Leaves,  pafled  divers  Concodtions  and  Se¬ 
parations,  is  now,  at  laft,  in  feme  good  Matu» 
ritv,  advanced  towards  the  Seed.  In  the  Fruit, 
as  was  faid,  it  is  Hill  farther  prepared,  and  the 
more  eflfential  Part  is  tranfmitted  into  that  par¬ 
ticular  Part  of  the  Branchery,  called  the  Seed- 
Branch',  which,  becaufe  it  is  a  good  Length, 
and  very  fine,  doth  yet  farther  maturate  tne  Sap 
in  pafling  through  it:  In  this  mature  State,  it  is 
conduced  through  the  Seed-Branch  into  the 
Coats  of  the  Seed,  as  into  the  Womb.  The 
meaner  Part  of  the  Sap  to  the  outer  Coat,  the 
more  fine  is  tranfmitted  to  the  inner  Coat,  where 
it  is  farther  prepared  by  Fermentation;  and 
thence  is  filtred  through  a  fine  Skin  into  the  in¬ 
moil:  Part  or  Subftance  of  the  Seed,  and  there 
becomes  a  Liquor  fit  for  the  actuating  the  future 
Embryo-Seed,  or  caufingit  to  vegetate,  and  the 

'•Plume  to  fhoot  forth. 

A .  But  pray, Sir,  before  you  quite  difenifs  the 
SubjeCt  of  Plants,  pleafe  to  let  me  know  what 
you  think  of  Mo/s,  Mu/hrooms, and  tho  k fungous 
Excrefcences  adhering  to  the  Sides  of  Trees  ? 

B.  Mufhr ooms.  Mo/s,  and  other fungous  Sub- 
ftances,  are  afpurious  Kind  of  Plants,  or  which 
may  be  called  excrementitious  Plants,  fince  they 
arife  intirely  from  the  Bodies  of  other  Plants,  or 
from  a  Kind  of  vifcous  Mucilage  of  the  Earth  : 
They  grow, indeed, and  have  Roots, feme  inferted 

into 
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into  the  Fibres  of  the  Plant  producing  them, 
as  Mi/letoe  is  radicated  into  the  Fibres  of  the 
Oak  ;  and  Mo/s  to  the  Fibres  of  the  Barks  of 
Trees,  Mujhrooms  arife  from  various  Matters 
in  Earth  or  Wood,  and  are  found  to  confift  of 
a  vaft  Bundle  of  Fibres,  proceeding  from  the 
Subftance  on  which  they  grow ;  thefe  make 
the  Stalk,  and  thence  divaricating,  fpread  and 
extend  themfelves  into  a  fpherical  Canopy,  or 
Head,  which  contains  a  fucculent  Parenchyma; 
on  the  under  Part  of  which,  I  am  apt  to  think, 
the  Seed  may  be  produced,  (though  none  hath 
hitherto  beenfeen)  which  being  wafted  about  by 
the  Wind,  falls  in  divers  Places  of  the  Earth,  and 
there  takes  Root  and  grows:  Thus  Mofs  un¬ 
doubtedly  bears  Seed,  by  which  the  various  Sorts 
thereof  are  propagated  s  though,  for  their 
Stnallnefs,  they  cannot  be  fee n 

A .  I  am 

1  ^  v  • 

*  i.  Oi  Mofs ,  Naturalises  make  mention  of  about  300  different 
Kinds;  though  thofe  which  grow  common  are  not  above  50. 
They  have  great  Variety  in  their  Growth,  Form,  and  Make; 
and  moft  of  them  afford  an  agreeable  Sight  in  the  Microfcope. 
I  never  could  difeover  any  Thing  like  Flower- Seeds  in  many  of 
them  ;  and  therefore  they  are  truly  judged  to  be  Plants  of  their 
onion  Kind. 

z .  Dr.  Lifer  takes  the  Gills  of  Muihrooms  to  be  the  very 
Flower  and  Seed  of  the  Plant ;  indeed  no  other  can  be  difeovered 
by  the  Microscope.  T  he  Mouldinefs  on  Leather,  Pafte,  Pickles, 
&c.  is  of  the  ivh fry  room  Tribe  ;  they  are  well  known  to  be  of  a 
fpeedy  Growth;  they  con  fill  of  Multitudes  of  fine  Stalks  or 
Stems ;  on  the  Tops  whereof  grow  round  Heads,  containing  a 
Kind  of  Liquor,  as  I  have  often  found  by  bruifing  them  under 
the  Microfcope. 

a.  The  Fungi,  or  what  we  call  Jews-Ear,  Agaric,  &c.  which 
grow  on  the  Rind  of  Trees,  are  of  a  very  porous  Subftance;  if 
the  Superficies  of  feme  be  viewed  with  a  Microfcope,  it  will  ap¬ 
pear  like  a  Honey-Comb,  full  of  Holes,  which  go  deep,  and 
make  a  fiftular  Subftance.  In  thefe  there  is  full  lefs  difcernibje 
of  Roots,  Flowers,-  or  Seed. 


4.  The 
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I  am  greatly  obliged  to  you.  Sir,  for  this 
concile  and  regular  Epitome  of  the  Science  of 
Vegetation ;  and  coniequently  the  true  'Theory  of 
Plants:  I  never  underflood  fo  much  before, 
nor,  indeed,  have  i  Time  to  perufe  voluminous 
Authors . 

4.  The  Puff-Balls  are  another  odd  Sort  of  Produ&ion  ;  thefe 
at  firft  have  a  fieffty  Subfiance  pretty  firm,  which  by  Degrees 
becoming  more  ripe,  changes  to  a  Kind  of  Dali,  which  Mr. 
Bradley  takes  to  be  the  Seed. 

5.  The  Truffle,  like  the  Puff  Ball,  is  formed  under  Ground  5 
it  lies  about  fix  or  eight  Inches  deep;  is  of  a  firm  and  fieffiy  Sub- 
ffance  within,  and  cortical  without;  the  flefhy  Part,  if  viewed  in 
thin  Slices  under  the  Microfcope,  appears  to  be  compofed  of 
roundifh,  opake,  and  very  fmall  Particles,  thickly  interfperfed- 
through  a  white,  tranlparent,  and  feemingly  vafcular  Subfiance, 
which  runs  in  large  and  finer  Veins  all  over  the  Subfiance  of  the 
Truffle.  They  are  of  two  Kinds,  one  round,  the  other  of  an 
Egg-like  Figure.  They  are  of  a  ilrong  and  very  difagreeable 
Odour;  but  are  edeemed  in  Foodas  a  very  delicious  and  luxurious 
Piece  of  Dainty.  They  are  found  very  common  in  the  Woods 
o  $  Italy  and  France ;  and,  of  late,  in  divers  Parts  of  England.  And 
Dogs  are  here  taught  to. hunt  them  out  with  as  great  Sagacity, 
and  as  ealily,  as  to  fet  Game. 

6.  As  to  what  relates  to  the  Submarine  Vegetables,  or  thofe 
which  grow  in  and  under  the  Sea,  as  the  large  green  membranous 
Seabe/ts,  which  grow  on  Stones;  the  Tuci,  and  other  Sea* 
IV eeds  ;  the  Corallines  on  Stones  and  Oyfler-  (hells  ;  the  Sea-Fan; 
the  Coral,  which  grows  on  Recks  ;  the  Sponge ,  &c,  they  are 
fo  numerous,  and  various,  as  not  to  be  treated  of  here  ;  only  this 
I  fhall  obferve,  in  general,  that  they  appear  to  be  deficient  in 
Roots,  Flowers,  and  Seeds  ;  and  are  moil  of  a  very  wonderful 
Texture  and  Make,  efpecially  the  Sponge,  which  makes  the 
fineft  of  Speflacles  in  the  Microfcope. 

7.  For  Abundance  more  on  this  Head,  confult  Dr.  Crew's 
and  Malpighi's  Anatomy  of  Plants .  Tournefort's  In  flit.  Rei  Herb  a* 
rise.  Bradley  on  Gardening,  and  his  Philofophical  Account  of  the 
Works  of  Nature.  The  Spe  blade  de  la  Nature,  Vol.  II.  Miller's 
Gardener's  Dictionary,  Fol.  Ray's  Method  and  Hifory  of  Plants. 
Hales's  Vegetable  Statics,  Vol.  1,  Pomet  on  Drugs.  Cierici  Phyf 
Lib.  IV.  Cap.  i,  2,  3.  Shaw's  Notes  to  Boerhaaose's  Chymifiry $ 
Page  142,  &c.  Derham's  Phyfico -Theology,  Book  X.The  Philolog. 
Library ,  under  the  Title  Botany ,  Page  431.  Chambers  and  Har¬ 
ris's  Lexicon.  Philofoph.  Iranf  abridged  by  Lowthorp ,  Vol.  II. 
Chap.  ij.  Jones's  Continuation,  Vol.  IV.  Part  2.  Chap.  5. 
Barnes  and  Martyn's  Continuation,  Vol.  VI.  Part  II.  Chap.  5. 

C  H  A  R 
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CHAP.  V. 

Zoography,  or  the  Philosophy  oj  Ani¬ 
mals  j  of  the  Human  Body,  and  its  f olid 
and fluid  Parts  ;  a  Survey  of  the  Nature  of 
Beasts,  c/Fowl,  oj  Fishes,  oj  Insects,^ 
c/'Reptiles,  ij/’ Shell- Animals,  &c.  of 
Health,  Difeaje,  Vigilance,  Sleep,  Dreams, 
Hunger,  Thirfl,  Death . 

t  '  -  ■■  ■'< ;  [  :  v.  ;  f.-  a”--.  '  . 

jj.  13RAY  what  is  the  Etymology  of  the 
Word  Zoography  ? 

B.  It  is  compofed  of  the  Greek  ^oooif  an  Ant- 
mal>  or  Living  Creature ,  and  ypcapv,  a  Defer  ip- 
tion ;  and  thence  it  imports  a  physiological  De¬ 
fer  ip  tion  of  the  Nature  and  Properties  of  a 
Living  Creature ,  which  we  call  by  the  general 
Term  Animal A.  now 


#  I.  The  Word  Animal  is  a  Derivation  from  the  Latin  Word 
Anima ,  which  Word,  with  the  Romans  and  all  Latin  Writers, 
dignifies  the  Soul :  Now  let  us  fee  whatldeas  the  Latinszt preffed 
by  this  Word,  that  we  may  have  the  better  Notion  of  what  we 
call  the  Soul,  and  how  far  Animals  have  a  Share  therein.  ^ 

2.  The  Word  Anima  was  derived  from  the  Greek  avisos, 
which  fignifies  the  Wind  or  Air ,  which  therefore  mull  be  the 
original,0  or  primary  Senfe  of  this  Word  ;  and  fo  Virgil  ufes  it, 
Quantum  Ignis  Animas  que  valent,  JL n»  8.  Secondly,  it  was  ufed 
for  the  Breath ;  thus  Plautus,  An  faetet  Anima  Uxor  is  face? 
Thirdly,  it  was  often  ufed  for  the  Body .  Fourthly,  for  the 
Mind;  which  was  generally  expreffed  by  another  Word,  Animus. 
Fifthly,  it  fometimes  fignified  the  Pajjions  ;  as,.  Comprime  Ani - 
mam.  Plant.  Sixthly,  the  moft  ufual  Signification  of  all,  was 
the  Life ,  or  that  Principle  by  which  Bodies  live,  move,  and  have 
Senfe. 

3.  In  Greek ,  what  we  call  An'unal,  is  called  (imply  Com,  a 

Living  Creature ,  from  to  live.  The  Greeks  indeed  have  a 
Word  for  the  Soul,  viz.  but  then  this  Word  alfo  was  de^ 

rived  from  the  Word  -fyvxu,  to  blow,  to  breathe,  to  cool,  See.  and  fo 
hath  no  other  Signification  in  the  original  Ufe,  than  that  of  the 
Breath ,  or  Blajl  of  Wind ;  after  which,  it  comes  to  be  ufed  for 
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A.  How  many  Sorts  of  Animals  are  there  ? 

B.  Naturalifts  generally  diflribute  Animals 
into  feven  great  Kinds,  viz.  (1.)  Rational  Ani¬ 
mals,  or  Mankind.  (2.)  Quadrupeds,  or  four- 
footed  Beafts.  (3.)  Birds,  or  Fowl.  (4.)  Fifes. 
(5.)  InfeSls.  (6.)  Reptiles.  (7.)  Conchilious,  or 
.Shell- Animals.  Of  each  of  thefe  we  will  take 
&  floor  t  Survey  j  and  then  conclude  with  a  few 
Reflexions  on  discommon  Accidents  of  Animal 
Life. 

A.  I  prefume  your  intended  Survey  of  Man 
will  extend  no  farther  than  the  Animal  Part ; 

pray,  therefore,  what  are  the  Component  Parts 
of  our  Bodies  ? 

B.  The  human  Body  confifts  of  [olid  and 
fluid  Parts,  which  in  general  are  called  the  So¬ 
lids  and  Fluids,  or  Humours  of  the  Body. 

A.  What  are  the  general  Divisions  of  this 
Part  of  Philofophy  ? 

'  B .  I  lhall  here  divide  it  with  refpedi  to  the 
different  Perfection  of  Animals ■,  viz. 

1 .  Anthropography,  of  the  human  Body. 

trie  Body,  the  Life,  and  the  Mind,  all  which  Senfes  are  frequent 
in  the  NewTeftament,  and  other  Greek  Writers. 

4.  Laffly,  the  Words  which  fignified  the  dm/amonp-  the  He- 
brews,  were  two,  *vix.  which  fignihes  the  fenfitive  Soul: 

And  the  human  or  rational  Soul',  but  both  thefe  Words, 

likewile,  in  their  original  and  primary  Senfe,  were  ufed  for  Ha-' 
litus,  Flatus ,  Refpiratio ,  that  is,  for  the  Breath  or  Refpirationm 
Animals .  See  Gen.  ii.  7,  job  xxxv ii  10.  Ifaiah  ii.  22,  See. 

•  Now  if  the  Words  in  three  original  Languages,  which  were 
uied  tor  the  Soul,  do  primarily  mean  no  more  than  the  Breath , 

’  n*!?-  t^le  Life  of  Living  Creatures,  I  think,  it  is  evident 
that  all  Creatures  which  breathe,  and  have  Senfe  and  Life,  may 
Pf,°PAer.y.  yea; literally,  be  faid  to  have  a  Soul',  which  Soul,  in. 
all  Animals,  is  in  a  greater  or  leffer.  Degree  perfea,  according 
as  their  j  acuities  and  Powers  of  Life*  Senfe,  and-  Mind,  are  fo. 

2*  ZoQ~ 
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2.  Zoograpby ,  of  the  Bodied  of  Brutes  is 
particular. 

3.  Ornithography ,  of  the  Nature  of  Birds  or 
Fowl • 

4.  Ichthyography ,  of  the  Nature  of  Fijhes. 

5.  Entomatography ,  of  the  Nature  of  Infe&is. 

6.  Herpetography,. of  the  Nature  of  Reptiles . 

7.  Zoophytography ,  of  the  Nature  of  Shell* 
Animals . 

Pray  what  do  you  particularly  include 
under  the  firft  Divifion,  which  you  call 

thropograpby  ? 

B.  A  brief  phyfiological  Defcription  of  all  the 
component  Parts  of  the  human  Body ;  which 
Parts  are  of  two  different  Kinds,  wis.  aSWa/x 
and  Fluids . 

Which  are  the  folid  Farts  of  the  human 

Body  ? 

JS.  Thofe  which  follow  :  1.  Bones.  2.  Car¬ 
tilage s,  3.  Ligaments .  4.  Mufcles .  5.  Fat- 
dons.  6.  Membranes .  7.  Nerves .  8.  Arteries . 
9.  Veins.  10.  Dubfs,  or  fine  tubular  Veffels  of 
various  Sorts.  Of  thefe  fimple  Solids  the  more 
compounded  Organs  of  Life  con  lilt. 

yf.  Pray,  which  are  thofe  compound  Organs 
of  Life  ? 

The  Brain ,  and  Cerebellum ;  the  Lungs  ; 
the  Heart*,  the  Stomach;  the  Liver;  the  Spleen; 
the  Pancreas;  the  Kidneys;  the  Glands;  the 
Inte/lines ;  together  with  the  Organs  of  Senfe, 

the  23y*\f ;  the  LNrx ;  the  IV^/t  *,  the 
Longue* 

A.  Which 
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A .  Which  are  the \ fluid  Parts  of  the  human 
Body? 

B .  They  are  thefe:  1.  The  Chyle.  2.  Blood . 
3.  Saliva ,  or  Spittle.  4.  Bile.  5,  Milk.  6.  Lym~ 
pha .  7.  The  Semen .  8.  The  pancreatic  Juice. 
9.  Urine.  10.  Phlegm.  11.  Serum.  And,  12. 
The  aqueous  Humour  of  the  Eyes. 

Pray  what  is  a  Bone,  and  how  generated  ? 

23.  A  is  a  Bundle  of  hard  Fibres,  tied 
to  one  another  by  fmail  tranfverfe  Fibres.  In 
the  Foetus  thofe  Fibres  are  porous,  foft,  and 
eafily  difcerned;  it  is  probable  they  are  nouriih- 
ed  by  the  ferous  Part  of  the  Biood.  As  their 
Pores  fill  up  with  a  Subftance  of  their  own  Na¬ 
ture,  fo  they  increafe,  harden,  and  grow  clofe  ; 
thus  when  the  Pores  are  full  of  this  Subftance, 
the  Bones  are  grown  to  their  utmoft  Extent, 
Hardnefs,  and  Solidity. 

A.  Are  there  not  divers  Sorts  of  Bones  in  the 
Body  ? 

B .  Yes 5  fame  are  hollow,  and  filled  with 
Marrow  ;  others  are  Jhlid  clear  through  ;  fame 
are  very  fmail,  others  very  large ;  fome  are 
round ,  and  others  flat ;  fome  are  plane ,  others 
convex ,  or  concave ;  where  they  are  joined  to 
each  other,  they  make  the  various  Joints 
throughout  our  Bodies. 

A.  Pray  what  is  the  Vfe  of  the  Bones  ? 

23. They  are  in  us,  as  the  Timber  in  the  Build¬ 
ing;  the  Ule  of  which  is  to  give  Strength ,  Firm - 
nefsy  Solidity ,  Form  and  Beauty  to  the  Who  e. 

A.  Pray  can  you  tell  the  Number  of  Bones 
in  a  human  Body  ? 

23.  Dr.  Keill has  reckoned  245  ;  others  make 
them  to  be  249,  viz .  In  the  Skull  14;  in  the 

IJ  Face 
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Face  and  Throat  46;  in  the  Trunk  67  $  in  the 
Arms  and  Hands  62 ;  in  the  Legs  and  Feet  60. 

A .  What  do  Bones  yield  by  a  chymical 
Analyjis  ? 

B.  They  produce  much  volatile  Salt  and 
Spirit ,  which  are  very  fubtle  and  penetrating  ; 
fome  Sulphur ,  very  flinking  ;  a  little  Phlegm , 
and  much  Barth . 

What  is  that  Part  you  call  a  Cartilage,  I 
pray  you  ? 

B .  A  Cartilage ,  or  Griftle,  is  a  fmooth  and 
folid  Body,  fofter  than  a  Bone ;  in  it  are  no 
Cavities  or  Cells  containing  Marrow,  nor  is  it 
covered  with  any  Membrane  to  make  it  fenfible, 
as  are  the  Bones.  The  Cartilages  have  a  na¬ 
tural  Refort  or  Elaflicity,  whereby  they  retrieve 
their  natural  Figure  or  Situation.  They  are 
chiefly  in  thofe  Places  where  a  foft  and  eafy  Mo¬ 
tion  is  required,  as  in  the  Ears ,  Nofe,  Wind¬ 
pipe,  &c.  They  cover  alfo  the  Ends  of  all  the 
Bones  that  are  joined  together  for  Motion. 

A .  Pray  what  are  their  Ufes  ? 

B .  They  are  appointed  for  the  fpecial  Struc¬ 
ture  of  fome  Parts,  as  the  Ears,  Nofe,  &c.  and 
for  the  eafy  Motion  of  the  Bones  in  the  Joints* 

A.  What  do  you  call  a  Ligament  ? 

B.  A  Ligament  hath  its  Name  from  Ligo , 
to  bind,  and  is  a  white  folid  Body,  fofter  than 
a  Cartilage,  yet  harder  than  a  Membrane ; 
they  have  no  Cavities  containing  Marrow,  nor 
any  Senfe  :  Their  chief  Ufe  is  to  bind  and  fallen 
the  Bones  (in  their  Articulation)  together,  left 
they  fliould  be  difplaced  by  any  violent  Motion. 

A .  Pray  what  is  a  Mufcle  ? 
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jB.  A  Miifcle  is  a  Bundle  of  flefhy,  and  often 
tendinous  Fibres  :  of  which  all  in  the  fame 
Plane  are  parallel  to  one  another,  and  are  all  in- 
clofed  by  one  proper  Membrane.  The  flefhy 
Fibres  compofe  the  Body  (called  the  Belly)  of 
the  Mufcle;  and  the  tendinous  Fibres,  the  Ex¬ 
tremities :  Thus,  in  Fig .  XLII,  on  Plate  XXY, 
fronting/).  307,  AB  is  the  Belly  of  the  Mufcle, 

C  is  its  Head,  and  D  its  Tail,  both  tendinous. 

A.  How  many  Sorts  of  Mufcles  are  there  ? 

B.  Several :  Some  being  long  and  round,  as 
Fig.  XLII ;  fome  pi  ane  and  circular,  as  Fig. 
XLIII;  fome  broad,  whofe  Fibres  lie  fpiral-wife, 
as  Fig.  XLIV ;  fome  broad,  whofe  Fibres  run 
ftraight,  as  Fig.  XLV  :  fome  whofe  Fibres  lie 
divaricated,  or  converge  from  their  Beginning 
to  a  narrow  Tendon,  as  Fig .  XLVI j  fome  are 
double  which  confift  of  a  Tendon  running 
through  its  Body  from  Head  to  Tail,  and  a  Row 
of  Fibres  on  each  Side,  as  Fig.  XLVII;  fome  are 
yet  more  double,  having  two  or  more  tendinous 
Branches  running  through  them,  with  various 
Rows  and  Orders  of  Fibres,  as  Fig.  XLVIII ; 
fome  have  only  a  fmall  long  Body,  which  di¬ 
vides  into  feveral  fmall  Tendons  at  the  End,  as 
Fig.  XLIX  ;  others  alfo  have  two  Bodies  pro¬ 
ceeding  from  one  Head  ;  and  there  are  others 
yet  of  a  different  Sort  from  any  here  deferihed. 
Note,  all  the  Figures  above  referred  to  are  on 
Plate  XXV,  fronting  this  p.  307. 

A.  What  is  the  Ufe  of  Mufcles? 

B.  1.  They  conftitute  the  flefhy  Part  of  oirr  ■ 
Bodies,  and  give  it  that  beautiful  Form  we  ob- 
ferve  over  all  its  Surface.  2.  But  they  principal¬ 
ly  ferve  for  animal  Motion;  for  by  their  Means 

U  2  all 


308  The  Philosophical  Grammar* 

all  the  Parts  of  the  animal  Body  are  moved* 

A.  How  is  that  Motion  performed  ? 

B .  Thus  1  each  Mufcle,  and  every  Fibre  in 
a  Muic-te,  hath  Nerves ,  Arteries ,  and  Veins ,  at¬ 
tending  it ;  now  by  the  Rarefaction  of  the 
Blood  and  Spirits  in  thofe  Veffels,  their  Cavi¬ 
ties  are  diflendea ;  the  Mufcle  muft  then  fwell 
of  Coarfe,  and  fwelling,  will  contradl  and  be¬ 
come  fhorter :  Therefore  the  Bone ,  or  Part,  in¬ 
to  which  the  Mufcle  is  inferted,  will,  by  this 
Contraction  of  it,  be  drawn  or  pulled  towards 
that  Part  where  the  Mufcle  arifes ;  and  this  is 
the  general  Theory  of  all  animal  Motion . 

A.  Pray  what  Number  of  Mufcles  may  there 
be  in  a  human  Body  ? 

B.  Dr.  /^///enumerates  446  lingle  Mufcles  in 
the  whole  Body  ;  but  others  (lefs  knowing) 
have  reckoned  different  Numbers. 

A.  Pray  what  do  you  underftand  by  a  'Tendon ? 

B.  A  Tendon  is  a  Part  confifting  of  nervous 
Fibres,  void  of  an y  parencbymous  or  fiefhy  Sub- 
fiance,  inverted  in  a  Membrane  common  to  all 
the  Mufcles ;  and  form  what  we  call  the  Head 
C,  and  Tail  D,  of  all  Mufcles  5  or  thofe  Parts 
by  which  they  arife  from,  or  are  inferted  into 
the  Bones  of  the  feveral  Limbs  of  the  Body  : 
The  Number  of  Fibres  in  every  Tendon  is 
equal  to  that  of  the  Fibres  of  the  Mufcle,  and 
are  the  fame  Fibres  with  them  ;  they  are  thofe 
white,  hard,  compacted  Bodies,  which  wre 
vulgarly  call  Sinews . 

A*  What  Part  is  that  you  call  a  Membrane  ? 

B.  A  Membrane  is  a  Web  of  feveral  Sorts  of 
Fibres,  interwoven  for  the  covering  and  wrap¬ 
ping  up  of  feme  Parts ;  hence  they  are  elaftic, 

5  -  and 


Of  the  Membranes  and  Nerves .  309 

and  of  an  exquifite  Senfe;  here  the  innumer¬ 
able  Divifions,  Windings,  Terpentine  Progref- 
fions,  and  frequent  Inofculations  of  Veins  with 
Veins,  and  Arteries  with  Arteries,  make  a  moil 
agreeable  Embroidery,  and  delicate  Net-work, 
covering  the  whole  Membrane. 

A .  Pray,  Sir,  what  is  the  TJJe  of  Membranes  ? 

B.  To  cover  and  wrap  up  the  Parts;  to 
ftrengthen  them;  to  fave  them  from  external 
Injuries ;  to  preferve  the  natural  Heat ;  to  join 
one  Part  to  another ;  to  caufe  an  exquifite 
Senfe ;  to  feparate  an  Humour  (by  its  Glands) 
for  moiftening  the  Parts,  &c. 

A.  Are  there  not  divers  Kinds  of  Membranes? 

B.  Yes;  as  the  Scarf-Skin,  covering  the  whole 
Body;  the  Skin  of  the  Body  itfelf;  the  Meninges 
of  the  Brain  ;  the  Pleura  in  the  Bread: ;  the 
Pericardium  involving  the  Heart ;  the  Periof- 
tium  inverting  the  Bones  :  The  Punicles  or 
Coats  of  the  Vefiels,  as  the  Stomach,  Bladder, 
Veins,  Arteries,  Intertines,  Tefticles,  &c.  are 
all  Membranes  of  different  Kinds. 

A .  Pray  what  do  you  call  a  Nerve  ? 

B.  A  Nerve  is  a  long  and  fmall  Bundle  of 
very  fine  Pipes,  or  hollow  Fibres,  wrapped  up 
in  the  Membranes  of  the  Brain,  from  whence 
they  have  their  Beginning. 

A.  What  do  you  find  to  be  the  Ufe  of  the 
Nerves  f 

Bf  It  is  very  probably  fuppofed,  they  are  the 
immediate  Organs  of  all  Senfation;  for  to  every 
external  Organ  of  Senfe,  as  the  Eye,  the  Ear, 
the  Nofe,  the  Tongue,  are  detached  one  or  more 
fair  of  thofe  Nerves  from  the  Brain;  alfo  thofe 
Serves  which  proceed  from  the  fpijial  Mar- 

U  3  ^  row, 
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row,  are  fpread  through  all  Parts  of  the  Muf- 
cles  and  their  Membranes,  and  to  every  Point 
in  the  Superficies  of  the  Body ;  and  thereby 

make  the  whole  fenfible. 

A.  Pray  by  what  Means  do  the  Nerves  ren¬ 
der  the  Parts  fenfible  ? 

B>  It  is  imagined  they  do  it  by  the  Motion 
of  an  exceeding  fine  and  invifible  Fluid  they 
contain,  called  the  animal  Spirits  ;  by  which 
Impreffions  are  communicated  to  the  Mind 
(whofe  Seat  is  in  the  Brain)  from  all  Parts  of 
the  animal  Body . 

A .  How  many ,  or  what  Quantity  of  Nervesf 
may  there  be  in  the  Body  ? 

B.  There  be  ten  Pair ,  which  proceed  from 
the  medullary  Subftanceof  the  Brain,  which  are 
chiefly  difiributed  to  all  the  Parts  of  the  Head 
and  Neck;  from  the  fpinal  Marrow  there  pro¬ 
ceeds,  through  the  Vertebrae,  thirty  Bair  to  all 
the  other  Parts  of  the  Body ;  and  thus,  in  all, 
there  are  forty  Fair ;  for  they  come  forth  orb* 
ginally  by  Pairs . 

A.  Pray  what  do  you  call  Arteries  ? 

B.  Arteries  are  thofe  Pipes,  Tubes,  or  Chan¬ 
nels,  which  convey  the  Blood  from  the  Heart 
to  all  Parts  of  the  Body. 

A .  What  is  their  Compoftion  or  'Texture  F 

B .  They  confift,  or  are  compofed  of  three 
Coats,  viz.  The firf  feems  to  be  a  Web  of  fine 
Blood-Veflels  and  Nerves,  for  nourifhing  the 
Coats  of  the  Artery.  The  fecond  is  made  up  of 
circular,  or  rather  fpiral  Fibres ;  of  which  there 
are  more  or  fewer  Lays,  according  to  the  Big- 
He's -of  the  Artery.  The  third  and  inmoft  Coat 
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is  a  fine,  denfe,  tranfparent  Membrane,  which 
keeps  the  Blood  w  ithin  its  Channels.  The  Ar¬ 
teries  branch  out  into  various  Ramifications, 
and  become  invifibly  fmall  at  laft. 

A.  Pray  whence  is  that  Pulfation  we  find  in 
feveral  Parts  of  our  Bodies  ? 

B.  This  is  a  Motion  of  the  Arteries  only  ; 
the  Blood  being  thrown  out  from  the  left  Ven¬ 
tricle  of  the  Heart  into  the  great  Artery,  fome 
and  fome  at  a  Time,  prefleth  the  Sides  of  the 
Artery,  and  caufes  an  intermitting  Dilatation 
thereof ;  which  is  continued  by  the  conftant 
pul  five  Motion  of  the  Blood,  and  the  Spring  or 
Elafticity  of  the  Artery  adting  on  it ;  hence 
therefore  enfues  a  conftant  alternate  Dilatation 
and  Contraction  of  the  Coats  of  an  Artery, 
and  is  what  we  properly  call  the  Pulfe. 

A.  Pray  what  is  the  Difference  between  Ar¬ 
teries  and  Veins  ? 

B.  Veins  are  only  a  Continuation  of  the  ca¬ 
pillary  Arteries  at  their  Extremities,  and  convey 
the  refluent  Blood  back  again  to  the  Heart ;  in 
their  Return  they  unite  their  Channels  as  they 
approach  the  Heart,  and  form  at  laft  the  three 
large  Trunks,  viz.  the  Vena  Cava  Afcendens, 
Defcendens,  and  the  Vena  Porta,  as  they  are 
called. 

A.  How  happens  it  that  veins  have  no 
Pulfe  ? 

B.  Becaufe  the  Blood  is  poured  into  them  at 
the  Anajlomojis  in  one  continued  even  Stream  ; 
and  becaufe  it  moves  from  a  narrower  Channel 
to  a  wider:  the  Pre  ffure  of  the  Blood  againft 
the  Sides  of  the  Veins  being  lefs  than  that  againft 
the  Sides  of  the  Arteries. 

U  4 


A.  Pray 


3*2  ¥he  Philosophical  Grammar. 

A.  Pray  what  do  you  call  thofe  Butts,  or 
tubular  Vejfels you  mentioned  under  the  latl 
Head  of  folid  Parts? 

B.  Thofe  final],  fine,  hollow  Pipes  or  Tubes 
difperfed  through  all  Parts  of  the  Body  ;  which 
convey,  feme  a  Lymph ,  called  Lymphcedutts ; 
others  a  milky  Liquor s  called  latteal  Veins ;  and 
others  convey  other  Juices  and  Humours  of  the 
Body  to  their  proper  Places. 

A.  Having  thus  heard  you  on  the  Nature 
and  Life  of  the  more  fimple  Solids,  I  £hall  be 
obliged  to  you  for  a  fmall  Account  of  the  more 
compound  folid  Parts,  which  you  call  the  great 
Organ  of  Life :  And,  pray,  what  is  the  Nature 
of  the  Brain  ? 

B .  The  whole  Subftance  of  the  Brain  is  di¬ 
vided  into  two  Parts  ;  that  which  lies  in  the 
Fore -part  of  the  Skull,  called  the  Cerebrum ; 
and  that  lying  in  the  Back-part,  called  the  Ce¬ 
rebellum.  In  the  Cerebrum,  or  Pore-part  of 
the  Brain,  there  are  obferved  two  Kinds  of 
Subfiances,  tne  external  and  internal ,  the  exter¬ 
nal  Subftance  is  foft,  glandulous,  and  of  the 
Colour  of  A  files;  this  Part  receives  the  capil¬ 
lary  to  the  Brain,  and  fendeth  from  its  little 
oval  Glands  an  infinite  N uni  her  ol  Fibres,  which 
all  together  make  up  the  medullary  Subftance 
of  the  internal  Part  of  the  Brain  and  Cerebel¬ 
lum,  which  going  out  of  the  Skull,  form  the 

Nerves  and  fpinal  Marrow . 

A.  What  is  the  JJfe  of  the  Brain  ? 

Ik  The  Ufe  of  the  Brain  is  to  feparate,  from 
du-:  Blood  brought  thither,  the  fine  ft  and  lubtle.fi 
ia:ts  thereof,  called  animal  Spirits ,  by  the 

Glands 
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Glands  in  the  external  Part,  which  are  received 
from  thofe  Glands  by  the  Fibres  of  the  medul¬ 
lary  Subftance,  and  are  from  thence  conveyed 
by  the  Nerves,  (which  thefe  Fibres  compofe)  to 
all  Parts  of  the  Body  s  giving  the  Faculty  of 
a Senfation  to  the  whole. 

A,  Pray  what  is  the  Nature  of  the  Lungs  ? 

B.  The  Subftance  of  the  Lungs  is  compofed 
of  an  infinite  Number  of  little  Lobes  or  Spheres, 
of  various  Figures  and  Magnitudes,  whofe  Sur¬ 
faces  are  fo  adapted  as  to  leave  but  few  and 
fmall  Interfaces;  thefe  fmall  Lobes  aredifpofed 
like  fo  many  Branches  of  Grapes  on  the  Sides 
of  the  Branches  of  the  Wind-pipe  :  Each  little 
Lobe  contains,  within  its  own  proper  Membrane, 
an  infinite  Number  of  fmall  and  round  Blad¬ 
ders,  which  leave  fmall  Interftices  between,  full 
of  fmall  Membranes,  like  thofe  which  bind  the 
Lobes  together:  The  Extremities  of  the  Bran¬ 
ches  of  the  Wind-pipe  open  into  the  Cavities  of 
thefe  fmall  Bladders,  which  are  probably  formed 
by  its  Membranes;  but  the  fine  Blood-Veffels 
are  only  fpread  upon  the  Bladders  like  a  Net, 
with  frequent  and  large  Inofculations. 

A*  What  is  the  Ufe  of  the  Lungs  ? 

B.This  is  great  Organ  of  Breathing  or  Re - 
fpiration  ;  as  the  Air  by  its  Weight  forceth  into 
every  Cavity,  fo  as  foon  as  the  Foetus  is  born,  it 
rufhes  into  the  Cavity  of  the  Lungs,  and  fills  the 
littieVeficies,  and  by  extending  them,compreffes 
the  fmall  Blood- Globules  in  the  Veftels  fpread 
upon  them  ;  this  Compreflion  is  much  greateft 
when  the  Air  is  expelled  out  of  the  Lungs  by 
the  Coatra&ion  of  the  Breaft  ;  and  by  this  Com- 

preffion, 
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predion,  the  red  Globules  of  Blood,  which, 
through  their  languid  Motion  in  theVeins,  were 
grown  too  big  to  circulate,  are  again  broken  and 
divided  into  the  Serum,  and  fo  the  Blood  is  anew 
made  fit  for  Nutrition  and  Secretion,  Dr.  Keill 
alfo  things  that  the  Air  doth  hereby  enter  and 
mix  with  the  Blood.  Dr.  Cheyne  faith,  the  elas¬ 
tic  Globules  of  the  Blood  are  hereby  formed. 
And  others  hold  other  Opinions  of  the  Ufe  of 
Refpiration.  But  I  think  it  Grange  that  Efmul- 
ler,  amongft  his  fourteen  Ufes  thereof,  has  not 
mentioned  the  vital  Spirit  of  the  Air,  which 
probably  is  thereby  intermixed  with  the  Blood, 
and  diffufed  through  all  the  Body,  and  is  therein 
the  Principal  of  animal  Life  ;  lince  it  is  well 
known  Animals  cannot  live  in  Air  deprived  of 
this  Spirit.  Neither  has  Mr,  Derbam  hinted 
any  Thing  concerning  it. 

A*  Pray  what  is  the  Nature  and  Compofition 
of  the  Pleart  ? 

B.  1  he  Heart,  (faith  Boerhaave)  and  its 
Auriclesy  are  real  Mufcles,  and  a£t  with  a  muf- 
cuiar  Power ;  for  all  the  Fibres  gradually  grow¬ 
ing  fhorter,  diminifh  the  Length  of  the  Heart, 
and  increafe  its  Breadth ;  they  accurately 
^heighten  the  Cavities  of  the  Ventricles;  dilate 
the  tendinous  Mouths  of  the  Arteries;  determine 
the  Valves  of  the  Mouths  of  the  Veins  for  the 
Stoppage  of  their  Contents  ;  and  drive,  with 
great  Force,  its  contained  Blood  into  the  di¬ 
lated  Mouths  of  Arteries,  in  order  to  its  Circu¬ 
lation  through  the  Body, 

Au  Pray  what  is  the  principal  Service  of  the 
Heart  to  the  human  Body  ? 


B.  This 
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B.  This  wonderful  Mufclehastwo  Motions, 
which  they  call  Syjiole,  and  Diajiole ;  tne  Syjiole 
is  when  the  Fibres  contradt  and  flreighten  the 
Cavities ;  the  Diajiole  is  when  this  Mufcle  ceaf- 
eth  to  adt;  its  Fibres  return  to  their  natural  Site 
and  Tone,  and  its  Cavities  become  large  and 
wide.  Now  the  Vena  Cava  returning  to  the 
Heart,  the  exhaufied  fuperfluous  Blood,  with 
the  Chyle  newly  mixed  herewith,  pours  it 
through  the  right  Auricle,  whence  it  is  deti  uded 
into  the  right  Ventricle  or  Cavity  of  the  Heart ; 
by  its  Syjiole,  it  is  thence  driven  into  iht pulmo¬ 
nary  Artery,  which  conveys  it  to,  and  diftri- 
butes  it  through,  all  the  Parts  of  the  Lungs;  the 
Blood  being  here,  by  Refpiration,  prepared,  re¬ 
duced,  mixed  and  impregnated  with  the  vital 
Spirit,  and  nutritious  Principle  of  the  Air,  is  re¬ 
manded  back  again  by  the  pulmonary  Vein  to 
the  left  Auricle ;  thence  into  the  left  Ventricle 
of  the  Heart,  which  is  then  in  its  Diafole ; 
lafly,  in  the  Syfiole  of  this  Ventricle,  the  Blood 
now  refe&ed  is  thruft  into  the  great  Artery, 
called  the  Aorta,  which  carries  it  again  through 
all  the  Body  :  Thus  the  Pleart  is  the  inftrumen- 
tal  Caufe  of  the  Blood’s  Circulation. 

A.  In  the  next  Place,  pleafe  to  give  me  fome 
Account  of  the  Nature  of  the  Stomach. 

B.  The  Stomach  is  compofed  of  four  Mem¬ 
branes  :  The  firfi  and  inmoft  is  a  large  mufcular 
Coat,  lying  in  Plaits,  and  containing  a  great 
Number  of  Glands,  thence  called  the  Tunica 
Glandulofa.  The  fecond  Coat  is  much  finer  and 
thinner;  is  altogether  nervous,  and  therefore  of 

exquifite  Senfe.  The  third  Tunicle  is  made  of 

^  ftraight 
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ftraight  and  circular  Fibres ;  fo  that  by  this 
mufcular  Coat  the  Ends  of  the  Stomach  are 
drawn  towards  its  Middle,  and  the  Whole  is 
equally  contra&ed.  The  fourth  is  the  common 
external  Cover  of  the  whole  Stomach ;  it  pro¬ 
ceeds  from  the  Peritonaum. 

A.  To  what  Ufe  doth  the  Stomach  ferve  ? 

B.  The  Ufe  of  the  Stomach  is  Digefion  j 
which  is  the  Diffolution  or  Separation  of  the 
Aliments  or  Food  into  fuch  minute  Parts  as  are 
fit  to  enter  our  ladleal  Vefels,  and  circulate  with 
the  Mafs  of  Blood  :  This  is  principally  effected 
by  the  Saliva,  or  Spittle  of  the  Mouth;  the  fer* 
menting  Juice  in  the  Stomach,  leparated  by  its 
afoiefaid  Glands;  by  the  Liquors  we  drink; 
and,  lafly,  by  the  continual  Motion  of  the  muf¬ 
cular  Coats  of  the  Stomach,  whofe  abfolute 
Power  is,  by  Pitcairne,  demonftrated  to  be  equal 
to  1170884- Pounds  Weight;  to  which,  if  the 
abfolute  Force  of  the  Diaphragm  and  Mufcles 
of  the  Abdomen  be  added,  the  Sum  will  amount 
to  230734  Pounds  Weight ;  which  is  above 
2238  Hundred  Weight,  or  near  1 12  Tons: 
No  wonder  then  the  very  hardeft  Diet,  or  Bones 
themfelves,  lhould  fo  foon  be  reduced  to  a  li¬ 
quid  Subfiance,  we  call  the  Chyle,  by  fuch  pro¬ 
digious  confpiring  Forces ! 

A .  What  is  the  Compofition  of  the  Liver  ? 

B.  f  he  common  Membrane  being  raifed,  the 
Subftance  of  the  Liver  feems  to  be  compofed 
of  / mall  Glands  of  a  conic  Figure,  and  bound  to¬ 
gether  by  a  proper  Membrane  intofeveral  Heaps 
01  Lobes,  which,  like  Bunches  of  Grapes,  hang 
to  the  Branches  of  the  Veflels,  (viz.  the  Vena 

Porta „ 
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Porta,  and  the  Vena  Cava J  from  which  each 
fmall  Gland  receives  a  Twig,  and  the  Lobes  are 
tied  to  one  another  by  fine  Membranes,  which 
fill  up  the  Spaces  between  them ;  and  thus  the 
parenchymousSubftanceof  the  Liver  is  formed* 

A,  What  is  its  Ufe? 

B .  The  Vena  Porta  brings  the  Blood  to  the 
Liver  full  of  Bile ,  for  its  Secretion  by  the 
Glands  of  the  Liver;  and  the  Vena  Cava  carries 
back  the  Blood,  which  remains,  to  the  Heart. 
The  Bile  thus  {trained  from  the  Blood  is,  by 
fmall  Veffels,  brought  to  the  Gall-bladder ,  one 
Part ;  and  the  other  Part  is  feparated  immediate¬ 
ly  into  the  Dudt,  called  the  Portus  Biliar ius ; 
this  Dudt  going  out  of  the  Liver,  joins  the  Neck 
of  the  Gall-bladder  at  fome  Diltance,  and  forms 
one  common  Dudt,  called  the  Choledochus , 
through  which  both  Sorts  of  Bile  mix  and  pais 
to  the  Lower-end  of  the  duodenum  G ut,  where- 
intoit  flows,  in  order  to  mix  with  the  Chyle  : 
Thus  the  Ufe  of  the  Liver  is  to  feparate  the  Bile 
from  the  Blood . 

A .  Pray  what  is  the  Nature  and  Make  of  the 

Spleen . 

B .  The  Subfiance  of  the  Spleen  (contained 
within  two  Membranes)  is  compofed  of  an  In¬ 
finity  of  Membranes,  which  form  little  Cells 
and  Cavities  of  different  Size  and  Figure,  which 
communicate  with  one  another,  and  are  always 
full  of  Blood. 

A .  What  is  the  Ufe  thereof? 

B.  The  ancients  knew  nothing  of  its  Ufe;  nor 
can  the  Moderns  do  more  than  conjedture  at  it. 
You  may  fee  Dr.  Keill’s  ingenious  Hypothefis  of 

its 


2  i §  The  Philosophical  Grammar. 
its  being  Nature’s  Storehouse,  in  which  fire  dc- 
pofits  the  arterial  Blood  for  the  Ufe  of  the  Li¬ 
ver,  in  his  Anatomy ;  and  the  learned  Difqui- 
fitions  of  the  great  Boerhaave  on  this  Subjedf, 
in  his  Injtitutions,  Page  139* 

A.  What  is  that  you  call  the  Pancreas  ? 

B.  It  i«  the  fame  as  is  vulgarly  called  the 
Sweet-bread-,  it  is  called  Pancreas  from  •GTCLV  | 
all,  and  xpias  Flejh  as  much  as  to  fay,  a  Part 
all  Flejh :  It  is  compofed  ol  an  infinite  Number 
of  little  Glands,  itfelf  being  only  a  large  Gland 
of  the  conglomerate  Kind  whence  its  Sub¬ 
ftance,  as  we  find,  is  always  loft  and  fupple. 

A.  Pray  what  is  its  Ufe  ? 

B.  To  fcreen  from  the  Blood,  brought  thither, 
a  Liquor  called  the  pancreatic  Juice,  which  is 
conveyed  by  a  proper  Du£t  to  the  duodenum 
Gut,  there  to  dilute  the  Chyle. 

A.  What  is  the  Subftance  of  the  Kidneys  ? 

B.  The  Kidneys  are  likewife  two  large 
Glands,  whofe  parenchymous  Subftance  is  com¬ 
pofed  of  an  Infinity  of  very  fmall  Glands,  every 
where  interwoven  in  the  Net-like  Inofculations 
of  the  fine  capillary  Branches  of  their  Arteries 
and  Veins  :  From  each  fmall  Gland  proceeds  a 
long  fmall  Tube;  thefe  Tubes  approaching  to¬ 
wards  the  Cavity  of  the  Reins  gather  together 
in  little  Bundles,  and  form  the  inner  Subftance 
of  each  Kidney, 

A.  Is  not  their  Ufe  to  feparate  the  Urine 
from  the  Blood? 

B .  Yes  ;  the  Blood  being  conveyed  to  them 
by  the  emulgent  Arteries ,  hath  its  ferous  briny 
Part  ftrainedoffby  their  little  Glands,  and  then 
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is  returned  again  by  the  emulgent  Veins',  the 
Urine ,  thus  feparated,runs  down  by  the  Ureters 
into  the  Bladder . 

A.  Pray  what  is  the  Nature  and  Texture  of 
the  Glands  ? 

B.  The  Moderns  have  reduced  all  the  Glands 
of  the  Body  to  two  Sorts,  viz.  Conglobate  Glands, 
and  Conglomerate  Glands.  A  Conglobate  Gland  is 
a  little  fmooth  Body  wrapped  up  in  a  fine  Skin, 
by  which  it  is  feparated  from  all  other  Parts, 
only  admitting  an  Artery  to  pafs  in,  and  a  Vein 
and  excretory  Canal  to  come  out:  Of  this  Na¬ 
ture  and  Sort  are  the  Glands  of  the  Brain ,  of 
the  Lips,  and  of  the  Tefticles.  A  Conglomerate 
Gland  is  compofed  of  many  little  Conglobate 
Glands ,  all  tied  together,  and  wrapped  up  in 
one  common  Tunicie  or  Membrane,  whofe 
various  excretory  Duds  uniting,  form  one  or 
more  larger  Pipes,  or  evacuating  VefTels:  Of 
this  Sort  are  the  Breajls ,  the  Sweet-bread,  the 
Kidneys,  &c. 

A .  Their  Ufe  I  underftand  is  Secretion  of 
Humours  from  the  Blood  ? 

B.  It  is  fo  :  Thus,  the  Glands  of  the  Brain 
fecern  the  Animal  Spirits ;  thofe  of  the  Mouth, 
the  Saliva  or  Spittle;  thofe  of  the  Breads,  Milk ; 
thofe  of  the  Reins,  Urine  ;  thofe  of  the  Liver , 
Bile;  thofe  of  the  Teficles,  the  generative  Semen ; 
and  thofe  of  the  Skin,  the  infenfible  Matter  of 
Perfpiration,  or  Sweat.  The  Number  of  thefe 
fmall  cuticular  Glands  is  fomewhat  wonderful ; 
it  is  fuppofed,  that  one  Grain  of  Sand  will  cover 
no  lefs  than  125000  of  them;  if  then  we  reckon 
only  2000  of  thefe  Grains  to  an  Inch  Square, 

and 
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and  allow,  at  a  Medium ,  the  Surface  of  a  Man's 
Body  to  be  equal  to  I4fquare  Feet;  then  there 
will  be  of  thofefmall  Glands  in  the  Skin,  the 
Number  of  324000000000  ;  each  of  which 
contains  a  Pore ,  or  invifible  Spiracle,  through 
which  weconftantly  perfpire 

A .  Pray  what  Quantity  of  Matter  goes  off 
by  this  infenjible  Perfpiration  ? 

J3.  Sandlorius  tell  us,  in  his  Aphorifms ,  that 
by  weighing  himfelf  he  has  found,  1.  That  a 
Man  Jleeping  perfpires  twice  as  much  as  when 
awake .  2.  That  a  found  Man  in  one  Night  of 
feven  Hours  Sleep,  generally  perfpires  fifty 
Ounces,  or  three  Pounds  Avoir  dupoife ,  or  four 
Pounds  Troy  Weight.  3^  That  fcarce  half  a 
Pound  of  this  perfpires  in  the  firft  five  Hours* 
And  we  cannot  wonder  hereat,  fince  it  appears 
there  are  above  three  hundred  thoufand  Millions 
of  Pores  in  the  Body  of  a  middle-fized  Man  ; 
through  which  there  muft  of  Neceffity  go  off 
a  much  greater  Quantity  than  either  by  Stool  or 
Urine ,  or  both  together. 

A.  Well,  I  am  wonderfully  pleafed  to  know 
this  furprizing  Part  of  Philofophy,  and  do  intend 
for  the  Sake  hereof  to  buy  Sandlorius  s  Book  : 
But,  to  go  on,  pray  what  is  the  Nature  and 
Ufe  of  the  Inteftines  ? 

*  This  is  upon  Truit  from  Mr.  Lenvenhoek ,  who  certainly  was 
very  happy  at  thefe  Kinds  of  Invention,  for  his  Eyes,  though 
old,  and  Microfcopes,  though  (ingle  ones,  could  in  many  Cafes 
difcover,  what  I  never  could  with  young  Eyes,  and  the  bed  dou¬ 
ble  Microfcopes.  I  have  tried  in  Variety  of  Subjects  to  find  thefe 
Pores  in  the  Cuticle,  but  in  vain.  And  indeed  I  very  much 
queftion  whether  ever  he  did  actually  fee  any  fuch  Thing. 


B.  The 
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B.  The  Intejiines  are  a  long  and  large  Pipe, 
which,  by  fcveral  Circumlocutions  and  Turn¬ 
ings,  reaches  from  the  Pylorus  of  the  Stomach 
to  the  Anus :  They  are  knit  all  along  to  the 
Edge  of  a  Membrane,  called  the  Mefentery ,  and 
are  fix  Times  as  long  as  the  Body  to  which  they 
pertain :  Their  Ufe  is,  by  a  peculiar  vermicular 
Motion  of  their  fpiral-fibred  Coats,  to  convey 
along,  and  extrude  out  of  the  Body,  the  Fceces , 
or  the  recrementitious  Part  of  the  Food,  after 
the  Chyle  is  ftrained  from  it. 

A .  Pray  how  many  different  Organs  of  Serif  a - 
iion  are  there  ? 

B .  Four  particular  ones,  viz.  the  Eye ,  for 
feeing  ;  the  Ear ,  for  hearing  ;  the  Nofe,  for 
fuelling ;  and  the  Tongue,  for  tafling  :  And 
there  is  one  general  Senfe,  viz.  of  feeling, 
common  to  all  the  Parts  of  the  Body. 

A.  What  is  the  Structure  and  life  of  the  Eye  ? 

B.  The  Eye  is  a  curious  and  mod  wonder¬ 
ful  Piece  of  Nature’s  Work,  admirably  con¬ 
trived  with  various  Coats 9  Mufcles ,  Vejfels ,  and 
Humours  of  three  feveral  Kinds,  for  the  Purpofe 
of  Vifion  :  The  firfi:  Humour  of  the  Eye  is 
called  the  aqueous  Humour ,  being  in  all  Refpedls 
like  Water,  but  of  a  fpirituous  Nature;  for  it 
will  not  freeze  in  the  greateft:  Cold.  The  fe- 
cond  is  called  the  cryflalline  Humour,  being 
tranfparent,  and  more  folid  than  either  of  the 
other;  its  Figure  refembles  an  optic  Lens,  con¬ 
vex  on  both  Sides,  and  its  Ufe  in  the  Eye  is 
the  fame.  Behind  this  lies  the  vitreous  or  glaffy 
Humour  ;  it  is  very  much  like  the  White  of  an 
Egg ;  is  in  greater  Abundance  than  either  of 
the  other ;  it  gives  the  Eye  its  fpherical  Form ; 

X'  *  and 
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and  is  thicker  than  the  aqueous ,  but  thinner 
than  the  cryjlalline  Humour .  Next  this  Hu¬ 
mour*  on  the  Bottom  of  the  Eye,  is  fpread  a 
fine  curious  Membrane,  called  the  Retina , 
through  which  are  expanded  the  medullary 
Fibres  of  the  optic  Nerve ,  which  come  from 
the  Brain.  Now  the  Rays  of  Light,  which 
come  from  all  Parts  of  any  Objed,  falling  upon 
the  aqueous  Humour  of  the  Eye,  are  through  it 
refracted  to  the  cryjlalline  Humour ,  by  which 
as  a  double  convex  Lens  (kept  always  at  a  pro¬ 
per  Di dance  by  the  glajjy  Humour J  they  are  all 
converged  and  united  on  the  Retina ;  the  Im- 
preflion  thereof  being  communicated  to  the 
common  Senfory  of  the  Brain  by  the  optic  Nerves 9 
doth  there  prefent  to  the  Mind  the  Species  and 
Image  of  the  Object ;  and  .  thus  is  Vifion  per¬ 
formed  by  Means  of  the  Eye . 

A .  Pray  how  is  the  Senfe  of  Hearing  per* 
formed  by  the  Ear  ? 

B.  I  have  already  told  you,  that  Sounds  are 
brought  to  the  Ear  from  the  fonorous  Body  by 
Means  of  the  Air ;  and  the  external  Part  of  the 
Ear  is  fo  contrived  by  its  Ridges  and  Hollow, 
that  Sounds,  being  gathered  into  the  Ear  as 
into  a  Tunnel,  are  thereby  direded  to  the 
Meatus  Audit  onus,  through  which  they  pafs 
and  ftrike  upon  a  thin  tranfparent  Membrane 
of  an  oval  Figure,  fet  a  little  obliquely  acrofs 
the  Paffage  of  the  Ear;  behind  this  Membrane 
there  is  a  pretty  large  Cavity,  which,  with  the 
laid  Membrane,  from  its  Rdemblance,  is  called 
the  Tympanum,  or  Drum  of  the  Ear :  In  this 
Cavity  are  four  fmall  Bones,  which  from  their 
Form  are  called  Malleolus ,  or  the  Hammer ; 

the 
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the  Incus,  or  the  Anvil ;  the  Stapes,  or  Stir- 
?'iip  ;  and  the  Os  Qrbiculare,  or  circular  Bone . 
Within  the  Tympanum  there  are  feveral  other 
Cavities,  as  the  Vejlibulum,  the  Labyrinth,  and 
the  Cochlea ;  thefe  internal  Cavities  are  always 
full  of  Air ;  wherefore  the  Sounds  in  the  ex¬ 
ternal  Air  ftriking  on  the  Drum,  move  the  four 
little  Bones  in  the  Tympanum ,  and  thefe  in  like 
Manner  move  the  internal  Air,  which  maketh 
an  Impreffion  on  the  fine  Branches  of  the  au¬ 
ditory  Nerve  fpread  through  the  Vejlibulum ,  the 
winding  Tubes  of  the  Labyrinth,  and  Cochlea, ; 
and  thus  all  Refra&ions  and  Modulations  of 
the  external  Air  become  perceptible,  and  con- 
fequently  all  the  different  Sounds  they  convey 
become  audible,  and  intelligible  to  the  Mind, 
by  the  Communication  of  thefe  Nerves  with 
the  Brain,  or  common  Senfory. 

A.  Pray  how  is  the  Senfe  of  Smelling  ef¬ 
fected  in  the  Nofe  ? 

B.  T  he  Cavity  of  the  Nofe  is  divided  into 
two  Parts,  we  call  the  Nofrils,  by  a  Partition, 
of  which  the  upper  Part  is  bony,  and  the  lower 
cartilaginous  :  The  upper  Part  of  the  Cavity  is 
covered  with  a  thick  glandulous  Membrane, 
above  which  the  0 factory  Nerve  is  finely 
branched  out  and  fpread  over  the  Membrane 
of  the  fpongy  Bones  of  the  Nofe,  and  the  other 
iinous  Cavities  of  the  Nofrils:  Whence  the 
Exhalations  of  Odours  entering  the  Nofrils 
make  their  Impreflions  on  the  Fibres  of  the 
Nerves,  which,  by  their  Communication  with 
the  Brain,  excite  in  the  Mind  the  Smell  or  Sen* 
fation  of  Odours  of  every  Kind, 
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A.  And  thus,  I  fuppofe,  you  account  for  the 

Senfe  oiTafie  in  the  ‘Tongue  ? 

B.  The  Tongue  is  covered  with  two  Mem¬ 
branes  •,  the  external  is  thick  and  rugged,  elpe- 
daily  in  Beafts  j  the  internal  Membrane  is  thin 
and  foft ;  upon  it  appear  feveral  Papilla  or 
fmall  Rifings,  like  the  Tops  of  the  fmall  Horns 
of  Snails ;  thefe  Papilla  are  made  of  the  Ex¬ 
tremities  of  the  Nerves  of  the  Tongue,  and 
piercing  the  external  Membrane,  are  conftant- 
ly  affedfed  by  thofe  Qualities  in  Bodies,  which 
have  their  Taftes  excited  in  the  Mind  by  Means 
of  thefe  nervous  Papilla ;  and  thus  are  thefe 
Papilla  the  immediate  Organ  of  Tajling. 

A, ,  Pray  how  is  the  general  Senfe  of  Feeling 

performed  ? 

i?.  Of  this  a  general  Account  muft  ferve  :  I 
have  already  told  you,  that  from  the  Brain  and 
fpinal  Marrow  there  iffue  out  divers  Pairs  of 
Nerves ,  which  are  ramified  and  difperfed  through 
all  Parts  of  the  Bodys  and  confequently  no 
Impreffion  on  any  Point,  either  on  the  Super¬ 
ficies,  or  internal  Compages  of  the  Body,  can 
be  any  way  made,  but  it  muft  immediately 
affeCt  either  the  Extremity,  or  fome  Part  of  a 
Nerve,  and  is  therefore  immediately  commu¬ 
nicated  to  the  Brain  by  the  animal  Spirits  and 
thus  the  Mind  becomes  confcious  of  every 
Motion,  Affedtion,  or  Accident  of  the  Body  5 
and  this  we  call  the  Senfation  of  Feeling , 

A .  Having  thus  obliged  me  with  an  Ac¬ 
count  of  the  folid  Parts ,  and  of  the  Organs  and 
Manner  of  Senfation,  I  beg  you  would  now 
proceed  to  deferibe  the  Fluids  of  the  human 
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Body ;  and  firft,  pray,  what  do  you  call  the 

Chyle? 

B.  The  Chyle  is  a  milk-like  liquid  Subftance, 
into  which  the  Food  is  converted  by  the  Con- 
coffiion  and  Digeftion  of  the  Stomach,  as  before 
I  told  you;  the  Chyle  paffing  by  the  Pylorus  out 
of  the  Stomach  into  the  firft  of  the  Inteftines, 
called  the  Duodenum ,  in  it  and  in  the  next, 
called  the  Jejunum ,  it  mixeth  with  the  Bile 
and  pancreatic  Juice  ;  by  which  Means  the 
Chyle  undergoes  a  further  Preparation ;  the 
more  alimentary  Part  being  hereby  refined  and 
feparated,  is  received  into  the  numerous  Orifices 
of  the  firft  ladled  Veins ,  opening  into  the  faid 
Jnteftines ;  by  thefe  it  is  conveyed  to,  and 
ftrained  through,  the  Glands  of  the  Mefentery ; 
whence  it  is  received  by  a  lecond  Sort  of  lacfteal 
Veins,  and  carried  to  the  Bafon,  called  the  Re- 
ceptacidum  Chylh  where  being  duly  impregnated 
with  the  Lymph  from  the  Lymphcedudls  there 
poured  into  it,  it  is  thence  carried  upward  by  the 
thoracic  Dudl,  and  emptied  into  the  left fub~ 
clavian  Vein ,  where  it  is  mixed  with  the  refluent 
venal  Blood,  defcends  Into  the  right  Ventricle 
of  the  Heart,  is  thence  circulated  through  the 
Lungs  into  the  left  Ventricle,  and  from  thence 
through  all  the  Parts  of  the  Body:  And  this  is 
the  animal  Oeconomy,  or  ordinary  Method  by 
which  the  Blood  is  removed,  and  Life  continued. 

A .  Pray  what  is  the  Blood? 

jB.The  Blood  is  a  vital  Stream  proceeding  from 
the  Fountain  of  the  Fleart,  and  circulating  con- 
ftantly  through  the  whole  Body  by  the  Canals 
of  the  Arteries  and  Veins.  If  it  be  viewed 
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with  a  Micro] cope ,  it  appears  to  confiftof  filial! 
red  Globules  fwimming  in  a  thin  tranfparent 
Serum,  and  that  each  Globule  is  made  up  of 
fix  leffer  ones,  which,  refolved,  take  upon 
them  the  Nature  of  the  Serum ,  whole  Colours 
are  various.  Dio  Boerhaave  fays,  that  the  Mix¬ 
ture,  Fluidity ,  Heat,  and  Rednefs  of  the  Blood , 
are  owing  toy  and  preferved  by,  the  circulatory 
Motion  thereof. 

A.  Pray  what  is  the  Rate  of  the  Blood’s 
Motion  through  the  Body  ? 

B .  Each  Ventricle  of  the  Heart  will  contain 
about  an  Ounce  of  Blood ;  the  Heart  contrafis 
about  4000  Times  in  an  Hour ;  hence  there 
paffeth  through  the  Heart  every  Hour  4000 
Ounces  of  Blood,  which  is  2501b.  Weight. 
Now  an  Ounce  of  Blood  is  equal  in  Bulk  to 
i-rV-o  Inch  5  and  if  we  fuppofe  the  Heart  con¬ 
tracts  80  Times  in  a  Minute,  then  80  Ounces 
of  Blood  will  be  equal  to  1 3 2-/-0V  Inches,  which 
paffeth  the  Heart  in  one  Minute.  Now  Dr. 
Keill  found  the  Diameter  of  the  Aorta  to  be 
0.73  Parts  of  an  Inch,  and  thence  its  Orifice 
0.41875  by  which  divide  132:^,  and  the  Quo¬ 
tient  will  be  the  Length  of  the  Cylinder,  or 
Space  through  which  the  Blood  will  move  in  a 
Minute,  viz .  316  Inches,  01*26  Feet.  But,  be- 
caufe  of  the  Diajlole  of  the  Pleart  which  takes 
up  half  the  Time  of  a  Pulfation,  there  goes 
out  of  the  Heart  80  Ounces  in  half  a  Minute  5 
whence  the  Blood’s  Velocity  will  be  double,  or 
it  moves  at  the  Rate  of  52  Feet  in  a  Minute. 

A.  Is  the  Velocity  through  the  Trunk  the 
fame  as  through  all  the  Branches  taken  to¬ 
gether?  "•'  '  B.  No  1 
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B .  No  ;  for  the  lame  ingenious  Anatomiji 
found  the  exact  Proportion  of  the  Branches  to 
the  Trunk  of  the  Artery  to  be  as  12387  to 
10000,  and  confequently  the  greateft  Velocity 
of  the  Blood  will  be  to  the  leaft,  as  5233  to  1; 
or  the  Blood  moves  5233  Times  flower  in  lome 
capillary  Arteries,  than  it  does  in  the  Aorta. 
The  Blood  is  received  from  the  Arteries  into 
the  Veins,  where  it  ftill  moves  flower  as  it  ap¬ 
proaches  the  Heart.  Now  the  Arteries  are  to 
the  Veins,  as  324  to  44  1  ;  and  therefore  the 
Blood  moves  in  the  Veins  above  71x6  Times 
flower  than  in  the  Aorta.  , 

A.  What  Quantity  of  Blood  do  you  find  to 

be  in  the  human  Body  ? 

B.  You  afk  a  Queftion  very  difficult  to  be 
anfwered:  At  prefen t  I  cannot  find  any  Perfon 
can  certainly  tell;  Authors  determine  from  10 
to  251b.  and  Dr.  Keill  reckons  the  whole  Body 
confifts  of  near  two-thirds  Fluids,  the  greateft 

Part  of  which  is  Blood. 

A.  What  do  the  Chymijls  find  the  Blood  to 

confiftof? 

B.  Of  much  volatile  Salt,  and  Spirits ;  fome 
Phlegm  and  Sulphur  ;  a  little  Earth  ;  and  but 
little  or  no  fixed  Salts :  Alkalies  dilTolve  in  it, 

and  Acids  coagulate  it. 

A.  How  are  the  other  Fluids  of  the  Body  pro- 

duced  ? 

B.  They  are  all  feparated  from  the  Blood  in 
fome  Part  of  the  Body  or  other  by  the  Glands. 
Thus  the  Saliva  or  Spittle  is  fecerned  by  paro- 
dital  Glands  behind  the  Ears,  and  maxillary 
Glands  of  the  Mouth ;  the  Bile  is  feparated  by 
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the  Liver ;  the  Milk  is  {trained  off  from  the 
Blood  by  the  Gland  of  the  Breads  ;  the  Lymph 
is  a  fermenting  Liquid  fecemed  by  the  fmall 
conglobate  Glands  in  feveral  Parts ;  the  Semen 
is  fecreted  from  the  Blood  by  the  Tefticies, 
brought  thither  through  various  Circumvolu¬ 
tions  and  Contortions  of  the  fpermatic  Arte¬ 
ries  ;  the  Pancreas ,  or  Sweet-bread,  alfo  fepa- 
rates  a  fweetlymphid  Liquor  or  Juice,  to  dilute 
and  refine  the  Chyle  ;  the  Urine  is  fecerned  by 
the  Reins ;  it  contains  volatile  Salt ,  Spirit ,  an 
oily  Sulphur,  Phlegm ,  and  Earth ;  from  Urine 
fermented  is  diddled  that  luminous  Matter 
called  Phofphorus ,  which  is  either  folid  or  li¬ 
quid.  Phlegm  is  a  mucous  Matter,  feparated 
by  the  Glands  of  the  Mouth,  Nofe,  &c.  Serum 
is  the  aqueous  Part  of  the  Blood,  which  is  not 
difcerned  from  the  Blood  itfelf  in  the  Body; 
but  taken  out,  it  feparates  from  the  coagulated 
Blood,  by  the  Adion  of  the  Cold  ;  the  aqueous 
Humour  of  the  Eye,  fecerned  from  the  arterial 
Blood  in  the  Veflels  of  the  Eye  ;  the  cryjl allin e 
and  vitreous  Humours  are  improperly  fo  called, 
they  confiding  of  an  infinite  Number  of  fmall 
Veflels  filled  with  circulating  Fluids . 

A.  Sir,  I  am  greatly  obliged  to  you  for  tak¬ 
ing  fo  much  Pains  for  my  Information,  yet,  as 
you  feem  to  do  it  with  a  great  deal  of  Pleafure, 

I  ill  all  be  bold  to  afle  a  few  Queflions  more; 
and,  pray,  what  do  you  fay  of  the  Nature  of 
Hair  ? 

B.  When  we  examine  the  Hairs  with  a  Mi- 
crofcojpe  (faith  Dr.  KeillJ  we  find  they  have  each 
a  round,  bulbous  Root  lying  pretty  deep  in  the 
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Skin,  and  which  draw  their  Nourishment  from 
the  furrounding  Humours ;  that  each  Hair  con- 
fifts  of  five  or  fix  others  wrapped  up  in  a  com¬ 
mon  Tegument  or  Tube:  They  grow  as  the 
Nails  do,  each  Part  near  the  Root,  thrufting  for¬ 
wards  that  which  is  immediately  above  it;  and 
not  by  any  Liquor  running  along  the  Hair,  in 
Tubes,  as  Plants  grow.  Their  different  Colours 
depend  on  the  different  Quality  and  Tempera¬ 
ment  of  the  Humours  producing  them  5  they 
lerve  for  the  Covering  and  Ornament  of  the 
Body.  Mr.  Derbam  gives  us  the  Reprefenta- 
tion  of  two  Hairs  of  a  Moufe  (the  mod:  tranf- 
parent  of  any)  the  one  in  Fig .  L.  on  Plate  XV, 
fronting  p.  307,  where  a  is  its  Appearance 
through  a  fmall  Magnifier,  and  A  as  it  appears 
through  a  large  one.  Fig .  LI.  on  the  fame 
Plate,  c  and  D  are  the  fame  Views  of  another 
Hair,  to  fhew  the  different  internal  Make  of 
the  Hair  of  the  fame  Animal^. 
d.  ■  Pray  what  are  the  Nails  f 
B .  Our  Nails  are  of  the  fame  Nature  as  the 
Hoofs  of  Beafts ;  and  are  nothing  but  the  Covers 
or  Sheaths  of  Papilla  Pyramidales  of  the  Skin  on 
the  Extremities  of  the  Fingers  and  Toes,  which 
dry,  harden,  and  lie  clofeupon  one  another. 

A.  You  have  been  long  telling  what  thofe 

Parts  are  of  which  our  Bodies  confifi:  3  but, 

% 

*  I  never  could  find,  by  viewing  of  tranfparent  Hairs,  that 
they  afforded  any  other  Appearance  than  that  of  clear,  long , 
round ,  ox  cylindrical  Tubes',  the  Hollowriefs  of  the  larger  ones 
being  very  vifible,  but  of  the  fmaller  ones  not  difcernible  ;  and. 
their  Texture  or  Subftance  has  always  appeared  to  me  to  be  iim- 
ple  or  uncompounded.  So  that  the  Reader  is  to  believe  or  re • 
jett  what  Dr.  Keill  and  Mr.  Derhari t  have  afferted,  as  he  may 
tjhink  reafonable. 
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pray,  how  are  our  Bodies  at  firft  generated  or 
formed  in  the  Womb  ?,  This  you  have  not  yet 
told  me. 

B .  The  Learned  of  late  have  found  by  their 
Micr  of  copes  >  that  riot  only  Man,  but  all  Ani¬ 
mals,  do  really  exift  (in  their  proper  Form 
compleat  in  all  their  Parts)  in  the  Seed  of  the 
Male  Animal,  before  Generation,  in  a  fmall  in- 
viilbie  State,  called  Miniature .  It  is  amazing 
to  fee  the  prodigious  Number  of  little  Creatures, 
like  fo  many  Tadpoles,  fwimming every  Wayin 
the  Male  Sperm  of  all  Animals.  Thofe  Ani¬ 
mals  are  fo  fmall,  that  3000000000,  i.  e.  three 
thoufand  Millions  of  them,  are  not  equal  to  a 
Grain  of  Sand,  whofe  Diameter  is  hut  the 
loodth  Part  of  an  Inch.  The  Animalcule  that 
has  the  good  Luck  to  get  fafe  into  the  Womb, 
through  the  Fallopian  \ Tubes  in  a  Kind  of  Egg, 
is  there  foflered  a  while  fome  how,  till,  at 
length,  the  Placenta  appears  like  a  little  Cloud 
on  one  Side  of  the  external  Coat  of  the  Egg ;  , 
and  at  the  fame  Time  the  Spine  of  the  Embryo 
is  grown  fo  big  as  to  be  vifible,  and  a  little  after, 
the  Brain  and  Cerebellum  appear  like  two  fmall 
Bladders,  and  the  Eyes  next  (land  goggling  out 
of  the  Head  ;  then  the  Beating  of  the  Heart ,  or 
Punclum  Saliens,  is  plainly  to  be  feen,  and  the 
Extremities  of  the  Body  difcover  themfelves  laft 
of  all;  fo  far  Dr.  Keill :  And  this  is  the  pre- 
fent  theory  of  Generation ;  and  very  much  alike 
in  Plants  and  Animals  *.  A .  Pray 

*  The  Affair  of  Impregnation  and  Generation ,  even  after  all  the 
late  Difcoveries, remains  fo  very  perplexed,  obfcure  and  doubtful, 
that  nothing  of  Certainty  can  yet  be  determined  about  it.  Some 
afferting  the  little  Animal  to  be  originally  in  the  Female’s  Egg  ; 
others  deny  that,  and  affirm  they  have  no  Being  there  till  the  Egg 

is 
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A .  Pray  what  do  you  obferve  in  particular 
of  the  Nature  ofiBeajts*  ?  B,  The 


is  fecundated  by  the  Semen  Mafculinum  in  Coitu.  See  the  Contro- 
verfy  in  Mr.  Bradley's  Phil.  Account  of  the  Works  of  Nature, 
Chap,  9.  Mifcetlanea  Curiofa ,  Vol.  I.  Page  142.  by  Mr.  Garden „ 

*  1.  Mr.  Ray ,  in  his  Synopfs  of  Animals ,  difHnguifhes  Quadru¬ 
peds  into  two  Kinds,  <vi%.  (1.)  The  ungulated  or  hoofed  Bealls 
with  four  Feet ;  and  (2  )  The  unguiculated ,  digitated ,  or  clawed 
our-footed  animals. 

2.  The  Hoofed  Quadrupeds  are  either  ( i .)  Solidipeds ,  or  Whole- 
hoofed  ;  as  the  Horfe,  Afs.  Mule,  &c*  Of  this  Tribe  none 
bears  Horns*  (2.)  Bifukated ,  or  Cloven-footed  :  Of  thefe,  fome 
are  Ruminant ,  or  chew  the  Cud ;  as  the  Ox,  the  Sheep,  the  Goat , 
the  Deer  Kind.  Of  thefe  the  three  former  bear  hollow  and  per¬ 
petual  Horns ;  the  latter,  clofe  .and  deciduous  Horns.  Again,  fome 
of  the  Cloven  footed  do  not  chew  the  Cud,  as  the  Hog  and  Saving 
Kind.  (3.)  Quadrupeds  which  have  their  Hoof  cloven  into 
four  Divifions,  and  feem  not  to  be  Ruminant ;  as  the  Rhinoceros ; 
the  Hippotamus ,  or  River-Horfe  ;  the  Tapijerote ,  and  Capy-Banz 
of  Brafil,  &c. 

3.  Of  the  fecondor  unguiculate  Kind  of  Quadrupeds,  the  Ele¬ 
phant  is  fomewhat  lingular  ;  his  Claws  adhere  to  each  other, 
and  are  ail  covered  with  one  common  Skin,  having  only  their 
obtufe  Nails  flicking  out  round  the  Margin  of  the  Foot. 

4.  The  Camel  and  Dromedary  have  only  two  Claws  ;  and, 
though  they  have  no  Horns,  they  ruminate  or  chew  the  Cud,  and 
have  the  four  Stomachs  of  horned  ruminant  Animals.  Of  thefe 
fome  have  one  Bunch  onthe'Back,  and  another  Sort  have  two, 

5.  The  Anthropomorpha ,  or  thofe  Quadrupeds  which  have  the 
Foot  divided  into  many  Claws ,  with  broad  Nails  on  them,  like 
the  Fingers  and  Toes  of  Men,  make  the  third  Species  of  this  «- 
unguiculate  Kind:  As  Apes,  which  have  no  Tails,  and  Monkeys 
which  have  Tails,  and  they  of  a  large  Size,  called  Baboons ♦  To 
this  Tribe  alfo  belong  the  Ourang-Outang ,  or  the  Wild  Man  ;  the 
Caqui  and  Cay  of  Brafil ;  and  the  Cercopitheci ,  or  Monkeys  of 
feveral  Countries. 

6.  A  fourth fpecies  of  this  Kind  is  when  the  Claws  are  many, 
and  have  crooked  and  fharp-pointed  Nails,  like  the  Talons  of 
Birds  of  Prey  ;  and  they  are  of  the  Cat ,  the  Dog,  the  Vermin , 
and  the  Hare  Kind. 

7.  Of  the  Cat  Kind  of  Quadrupeds,  are  reckoned  th e  Lion ; 

the  Tiger ;  the  Pardalis  (vvhofe  Male  is  Pardus ,  Female  Pan¬ 
ther)  ;  the  Leopard ;  the  Lynx ;  the  Cat- a- Mountain  ;  the  Bear  ; 
and  the  common  Cat.  v  , 

8.  Of  the  Dog  Kind  they  account  the  common  Dog ,  the  Wolf 

t  \iqFox}  Jack  all yt\\t  Civet  Cat,  as  it  is  enoneoufly  called;  the 

Rackcon , 
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jB.  The  Nature  of  Beajis  or  Quadrupeds ,  is, 
with  Refpe£t  to  the  ferhitive  Life,  or  animal  Oe- 
conomy,  the  fame  with  that  of  Man  already  de- 
fcribed:  What  I  fhall  here  take  Notice  of  then, 
fhall  be  thofe  Particulars  wherein  the  Brute  dif¬ 
fers  from  a  Man,  and  is  what  he  is ;  the  Chief 
of  which  are  the  following  :  i.  Their  external 
Form  and  Shape ,  which  is  almoft  infinite;  and  is 

Rackoon,  or  Ratoon  ;  the  Badger  ;  the  Otter  ;  the  Sea-Calf,  or  Seal ; 
the  Sea  Horfe  ;  the  Sea-Cow;  and  fome  other  outlandifh  Animals. 

9.  Of  the  Vermin  Kind  are  the  Weafel ;  the  Ermine ,  or  Stoat , 
if  white  ;  the  wild  Stoat ,  or  Ferret ;  the  Pole  Cat ;  the  Marten, 
or  Martlet ;  the  Sable ;  the  Genetta ;  the  Ichzieumon  Bellonii ; 
the  Indian  Mungo  ;  and  Quirpele,  &c, 

IQ.  Of  the  Hare  Kind  are  the  Hare  ;  the  Rabbet ,  or  Coney  ; 
the  Porcupine;  the  Bever ;  the  Squirrel;  the  Rat;  the  Moufe ; 
the  Dormoufe ;  the  Guinea  Pig ;  xh-Qlapeta,  Aperca,  Agati ,  and 
Faca ,  of  Brafil ;  and  the  Conies  and  Mice  of  various  foreign 
Countries. 

1 1.  To  thefe  Kinds  of  Quadrupeds  may  be  added  fome  others 
more  anomalous,  as  'Viaeipai  ous  pour— footed  Alnzmals ,  hanjzng  ct 
Ion  gif  Snout,  and  their  Feet  divided  into  many  Claws  or  Toes,  and 
having  Teeth  :  As  the  Urchin ,  or  Hedge  Hog  ;  the  feveral  Sorts  of 
Tatons,  or  Armadillo's  ;  the  Mole  ;  the  Shrew -Moufe;  the  white 
Indian  Erinaceus ,  &c. 

12.  Others ,  which  have  a  long?  (h  Snout,  their  Feet  divided  into 
many  Claves ,  but  have  noTeeth  :  As  the  greater  and  leffer  Ant-* 
Bear  ;  the  Taznandua  Guacu  of  Brafl,  &c. 

13.  Flying  Quadrupeds,  with  a  fhorter  Snout,  and  their  Feel: 
divided  as  before  ;  as  all  of  the  Bat -Kind,  or  Flutter  Mice  ;  of 
which  there  are  feveral  Sizes,  and  different  Forms, 

14.  Viviparous  and  fanguineous  Quadrupeds,  breathing  with 
Lungs,  and  having  only  one  Ventricle  in  the  Heart;  as  the 
Frog  ;  the  Toad ;  the  Tortoife  ;  of  thefe  there  are  many  differ¬ 
ent  Species  both  of  Land  and  Water  ones  in  foreign  Parts. 

15.  OviparousQuadrupeds  with  along  Tail  ftretched  out  ho¬ 
rizontally;  as  all  of  the  Lizard  Kind  ;  the  Crocodile ;  the  com¬ 
mon  Eft,  or  Newt ;  the  Seps,  a  Sort  of  footed  Serpent ;  the  Sala¬ 
mander  ;  the  Cameleon  ;  a  hying  Lizard ;  with  various  other 
Kinds. 

Confult  Mr.  Ray’s  Synopfis  Animalium.  fohnfcni  Hiftorias 
haturalis.  Borelli  de  Motu  Aniznalium .  Willis  de  Anima  Bru - 
tor um.  Arifiotle  and  JElian  among  the  Ancients ;  as  alfo  Pliny’s 
Natural  Hifory  of  the  World » 

tha? 
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that  which  chiefly  diftinguifhes  the  various  Spe¬ 
cies  of  Brutes.  2.  Their  Size,  of  which  there 
are  numerous  Degrees ;  the  greateft  of  all  are 
the  'Elephant  and  Rhinoceros.  3.  Their  prone  P  of 
ture,  neceffary  to  their  Way  of  Living.  4.  Their 
Motion ,  or  Gait,  which  is  on  four  Legs,  and  are 
therefore  called  Quadrupeds .  5.  The  fpecial 

Contrivance  and  Form  of  their  Heads ,  which 
is  infinitely  various.  6.  They  are  fome  of  them 
endued  with  Horns  of  various  Figures  and  Sizes. 
7.  They  have  a  fpecial  Form  and  Structure  of 
their  Ears  externally.  8.  The  Make  of  the 
Eye  is  very  different  in  different  Species  of  Ani¬ 
mals.  9.  The  Neck  is  adapted  to  the  Length 
of  their  Legs,  except  only  in  the  Elephant, 
which  hath  his  Probofcis,  or  Trunk,  to  lupply 
that  Defedt.  10.  The  Form  of  their  Legs  is 
peculiar,  yet  different  in  divers  Species ;  whence 
the  flow  Motion  of  fome,  and  wonderful  Agi¬ 
lity  and  Swiftnefs  in  others.  11.  They  are  all 
provided  with  Tails  of  different  Length,  Size, 
&c.  whofe  Ufe  is  to  defend  themfelves  from 
the  Moleflation  of  Flies,  &c .  12.  Their  Bodies 
are  clothed  with  various  Teguments  of  Hair, 
Wool,  Spines ,  Down,  &c.  fuitable  to  their  par¬ 
ticular  Occafions  of  Life.  13.  Their  Teet  are, 
fome  cloven  into  Hoofs,  others  divided  into 
Claws,  with  Variety  of  different  Nails  to  an- 
fwer  their  various  Purpofes  of  Lire.  14.  Their 
Noftrils  are  fome  what  differently  formed  from 
ours,  and  from  one  another.  15*  Their  Brain 
is  confiderably  lefs  in  Proportion  to  their  Bo  - 
dies,  than  Man’s.  i6.They  have  fome  of  them 
a  peculiar  Membrane,  called  the  nictitating 
Membrane  of  the  Eye,  by  which  the  Eye,  fre- 
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qoently  winking  and  contracting  the  Pupil*  is 
preferved  from  the  Annoyance  of  the  Grafs, 
Stubble.  &c.  in  gathering  their  Meat.  17.  They 
are  provided  with  aiirong,  tendinous*  and  in- 
ienfible  Ligament *  braced  from,  the  Head  to  the 
Middle  of  the  Back,  called  the  white  Leather* 
which  fuff  ends  the  weighty  Head  without  Pain, 
im grazing,  &j.  1 8.  The  Stomachs  of  Brutes 

are  different  from  ours,  and  from  each  other’s, 
both  in  Size  and  Number ;  for  fome  have  final l* 
others  large  Stomachs ;  in  fome,  one  only;  in 
others,  two  or  more ;  thus  thf Drome  darf  hath 
jour  stomachs .  19.  Some  have  the  wonderful 

Faculty  of  Rumination*  or  chewing  the  Cud* 
for  the  corn  pleat  Maftication  of  the  Food  at 
the  refling  leifure  Times  of  the  Animal.  20 
The  Hearts  of  Animals  are  of  fpecial  Struc¬ 
ture;  in  fome  it  hath  but  one  Ventricle*  as 
Frogs ;  in  others  two ;  and  in  fome  three  Ven¬ 
tricles*  as  in  the  Sea-Calf '*  &c.  21.  Some  Ani¬ 
mals  live  only  on  Land ;  others,  called  Amphi¬ 
bious*  live  both  on  Land  and  in  the  Water. 
22.  The  Food  ot  Brutes  is  very  various,  fome 
feeding  on  Flejh*  called  Carnivorous  ;  others' 
on  Grafs*  called  Graminivorous ;  fome  on 
Gram  and  Seeds*  called  Granivorous *  & c.  Be- 
fides  innumerable  other  Differences  that  might 
be  named,  of  lefs  Note,  between  a  Man  and  a 
Brute . 

A .  Pleafe  now  to  oblige  me  with  a  ihort  Ac¬ 
count  of  the  Nature  of  Birds  or  Fowl*. 

B.  The 

^  I.  Birds  are  either  hand  Fowl*  or  Water  Fowl:  Oh  Land 
Fowl*  fome  have  crooked  Beaks  and  Talons;  of  thefe  fome  are 
carnivorous  and  rapacious*  being  called  Birds  of  Prey  ;  fome 
frugivorous *  or  which  feed  on  Corn,  and  are  called  by  the  gene¬ 
ral  Name  of  Parrots*  2.  Of 
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1?.  The  Philofopby  of  Fowl,  or  the feathered 
Tribe,  is  really  wonderful,  as  will  appear  from 

a  fh or t 

2.  Of  Birds  of  Prey,  fome  are  diurnal,  preying  in  the  Day¬ 
time  ;  and  of  thefe  they  reckon  a  greater  and  a  Idler  Sort:  The 
greater  are  either  of  a  more  bold  and  generous  Nature,  as  the 
Eagle-kind ;  or  of  a  more  cowardly  and  lluggiih,  as  the  Vulture „ 

3.  The  leflfer  diurnal  Birds  of  Prey,  are  the  Accipitres ,  or  of 
the  Hawk-kind.  And  thefe  are  of  a  more  bold  and  generous 
Nature,  and  are  want  to  be  reclaimed  and  managed  for  Fowling, 
and  are  called  Hawks:  Thefe  the  Falconers  ditlingnifh  into 
Long-winged,  as  the  Falcon,  Lanner,  See.  and  Short-winged,  as 
the  Go  (hawk  and  Sparrow-Hawk . 

4.  Thofe  of  the  Hawk-kind,  which  are  of  a  Nature  more 
cowardly  and  lluggiih,  or  elfe  indocile,  are  neglected  by  the 
Falconers,  and  fo  live  at  large.  And  of  thefe  there  is  alfo  a 
greater  Sort,  as  the  Buzzard-kind ;  and  a  leller,  as  the  Butcher- 
Bird,  or  Shrike ;  (about  as  big  as  a  Black  bird)  and  the  Bird  of 
Paradife,  which  is  exotic.  , 

5.  Of  Birds  of  Prey  with  crooked  Beaks  and  Talons,  fome 
are  nodturnal,  or  which  fly  and  prey  by  Night,  as  the  Owl-kind . 
And  thefe  are  either  horned  or  eared,  as  the  Eagle  Owl,  the 
Horn-Owl,  &c.  or  without  Horns,  as  the  Brown -Owl,  the 
Grey-Owl,  See. 

6.  There  is  a  Sort  of  Land-Birds,  which  feed  on  both  Flejh 
and  Fruits,  and  are  diflinguifhed  into  three  Sorts,  according  to 
their  Bignefs ;  the  greatefl  Size  being  called  Maccaws ;  the  mid- 
dle-fized,  and  molt  common,  Parrots  and  Propinjays  ;  and  the 
lead  Sort,  Parraketts ;  and  all  this  Kind  make  me  of  their  Beak 
in  climbing,  and  move  the  upper  Jaw. 

7.  Land-Birds  that  have  their  Bill  and  Claws  more flraight,  are 
alfo  divided  into  three  Sizes.  The  greatefl:  Sort  are  fuch,  as  by 
Reafon  of  the  Bulk  of  their  Bodies,  and  the  Smallnefs  of  their 
Wings,  cannot  fly  at  all;  thefe  are  exotic  Birds  of  a  Angular 
Nature,  as  the  Ojirich,  the  Cajfaware,  the  Dodo,  See. 

8.  The  middle-lized  Kind  are  divided  by  their  Bills  into  fuch 
as  have  large,  thick,  llrong,  and  long  ones ;  fome  whereof 
feed  promifcuoufly  on  Flejh ,  Infedis,  and  Plants  ;  as  the  Crow- 
kind,  which  are  wholly  black ;  and  the  Pye-kind,  which  are 
party-coloured.  Some  feed  on  Flejh  only,  as  th e  Ki?ig' s  Fijher  •, 
and  fome  on  InfeSis  only,  as  the  Wcod-pecker.  And  into  fuch  as 
haveafmaller  and  fhorter  Bill,  whofe  Flefh  is  either  white,  as 
the  Poultry-kind ;  or  hlackijh,  as  th e  Pigeon  and  Thrujh-kind. 

9.  The  leaf!  fized  Kind  of  Land  Birds,  with  flraight  Bills  and 
Claws,  are  called  Small  Birds  ;  and  thefe  are  of  two  Kinds,  eviz. 
foft-heaked,  which  have  fl  nder,  flraight,  and  pretty  longifh  Bills, 
Biofl  of  them,  and  feed  chiefly  on  Injetts ;  or  hard-beaked,  which 
have  thick  and  hard  Bills,  and  feed  moflly  on  Seeds. 

4  xo.  Water 
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a  fhort  Survey  thereof:  For,  1.  with  refpedl  to 
their  Generation ,  they  are  produced  from  Eggs , 
and  are  therefore  called  oviparous  Animals .  2. 
Their  Motion  is  two-fold,  viz.  flying  and  walk¬ 
ing*,  and  are  thereby  rendered,  3.  the  Inhabi¬ 
tants  both  of  the  Land  and  Air:  For  which  Pur- 
pofe,  4,  they  are  wonderfully  contrived  with  a 

10.  Water  Fowl  are  fuch  as  frequent  Water  and  watery  Places 
to  feek  their  Food’,  and  the fe  are  all  cloven-footed,  and  generally 
have  long  Legs,  naked  above  their  Knees,  that  they  may  the 
more  conveniently  wade  in  Waters.  Of  thefe  they  reckon  two 
Sorts,  viz.  a  greater ,  as  the  Crane,  Jahirti ,  &c.  and  a  lejfer , 
which  are  either  Pifcivorous,  feeding  on  Filh,  as  the  Heron, 
Spoonbill,  Stork,  Sec •  or  Mudfuckers  and  Infedivorous ,  of  which 
fome  have  very  long  and  crooked  Bills;  as  the  Curlew  and  Wi?n - 
Irell ;  and  others  long  and  hraight,  as  the  Woodcock  and  God- 
wit. 

11.  Others  have  middle-lized  Bills,  as  the  Sea-pye  and  Red- 
jhank ;  and  a  third  Sort  have  (hort  Bills,  as  the  Lapwing  and 
Plover.  Thofe  are  reckoned  Jhort  Bills,  which  exceed  not  an 
Inch  and  a  Half ;  the  middle- f  zed  Bills  arc  betwixt  that  and  two 
Inches  and  a  Half ;  and  long  Bills  are  all  above  two  Inches  and 
a  Half. 

1  z.  Another  Kind  of  Water-Fowl  fwims  in  Water  ;  fome  of 
which,  as  the  Morehen  and  Coot,  are  cloven-footed,  and  molt  are 
whole-footed .  And  of  thefe,  fome  few  have  very  long  Legs,  as 
the  Flammant,  the  Avofetta,  and  Corrira;  but  moflly  they  are 
Biort-legged  ;  of  which  fomefew  have  but  three  Toes  on  a  Foot, 
as  the  Penguin,  Raforbill,  &c.  but  generally  they  have  four  Toes 
on  a  Foot ;  and  thefe  either  all  connected  together  by  interve¬ 
ning  Membranes,  as  in  the  Pelican ,  Solan-Goofe ,  or  more  ufually 
with  the  back  Toe  loofe. 

13.  And  this  Kind  are  either  narrow-billed,  or  broad-billed ; 
thofe  with  narrow  Bills  have  them  either  blunt  or  hooked  at  the 
Top,  of  which  Sort  fome  are  ferrate,  as  in  the  Diver  Kind ; 
and  fome  not  ferrate  or  toothed,  as  in  the  Puffin ;  or  fharp-point- 
ed  or  llraighter,  of  which  Sort  fome  have  long  Wings,  as  the  Gull 
Kind;  and  fome  Ihorter,  as  the  Diving  Birds,  called  Douckers. 

14.  Thofe  with  broad  Bills  may  be  divided  into  the  Goofe 
Kind,  which  are  large ;  and  the  Duck  Kind,  which  are  fmaller; 
and  thefe  latter  ipto  Sea-Ducks,  and  River  or  Pond-Ducks . 

15.  Molt  Water -Fowls  have  a  fhort  Tail ;  and  none  of  this 
Kind  have  their  Feet  difpofedlike  Parrots  and  Woodpeckers  that 
have  two  Poes  forward,  and  two  foes  backward,  none  having 
Jnore  than  one  back  Toe,  and  fome  none  at  all. 


Pair 
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Pair  of  Wings  to  buoy  themfelves  up  in  the  fluid 
elaflic  Sphere  of  Air,  and  whereby  they  keep 
their  Bodies  on  a  due  Balance  and  Equipoife  in 
their  Motion.  5.  The  Tails  of  Birds  are  given 
them  to  fleer  their  Courfe,  keep  them  Heady  in 
Flight,  and  to  affifl  them  in  their  Defcents  and 
Afcents  into  the  Air.  6.  The  Plumage  oiMxv  As 
is  a  wonderful  Thing,  their  Feathers  cloath  and 
beautify  them;  a  Feather  is  a  curious  Produc¬ 
tion  in  every  Part,  the  ^uill,  the  Rib,  and  the 
Vanes ,  being  thoroughly  underflood :  The  Pith 
in  the  Rib  appears  through  a  Microfcope  on  the 
tranfverfe  Sedtion  a,  as  is  reprefented  in  A, 
Fig.Lll.  on  Plate  XXV,  fronting/.  307.  And 
a  Vane  of  a  Feather  (as  b)  appears  like  another 
Feather  when  magnified,  as  in  B,  Fig .  LIII.  on 
the  fame  Plate ,  where  you  obferve  the  net-like 
Texture  of  its  membranous  Part,  and  C  is  the 
little  End  magnified.  7.  The  Feet  of  Fowl  are 
very  particular,  being  fpread  fome  with  Mem¬ 
branes  for  {wimming,  as  D  ticks,  Geefe,  &c.  fome 
without  for  Heady  walking,  perching,  holding 
their  Prey,  &c.  8.  The  terrible  [harp-pointed 
Talons  in  Birds  of  Prey  are  very  remarkable,  as 
thofe  of  the  Fagle ,  Vulture ,  &c.  9,  The  Heads 
of  Birds  are  admirably  fuited  for  making  Way 
through  the  Air,  being  very  near  the  Figure  of 
Sir  Ifaac  Newton  s  jSolid  of  leaft  Refinance. 
10.  The  Beak ,  or  Bill,  is  a  flrange  Piece  of 
Art,  their  very  jaw-bones,  as  it  were,  growing 
out  of  their  Head,  and  meeting  in  a  Point,  won¬ 
derfully  adapted  to  pierce  the  Air,  gather  Food, 
and  penetrate  Wood,  Earth,  &c .  for  Frey.  x  x. 
The  Ears  Hand  not  out  from  the  Head  to 
hinder  Flight.  And,  12.  The  commodious  Si- 

Y  tuation 
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tuation  of  the  Eyes  of  Birds  is  furprizing;  for 
each  of  their  Eyes  takes  in  very  near  an  lie  mi- 
Jpbere ,  and  confequentiy  with  both  Eyes  they  can 
fee  nearly  all  around  them  at  once,  and  fo  the 
better  feek  their  Food  and  efcape  Dangers.  13. 
The  wonderful  Structure  of  the  Body  of  Fowls, 
in  the  Form  of  a  Ship,  the  Breajl-bone  ferving 
as  a  Keel,  and  their  Tails  as  Rudders,  to  govern 
them  in  their  aerial  Voyages,  deferve  our  Atten¬ 
tion  and  Admiration.  14.  The  internal  Maks 
oj  their  Bodies ,  and  the  feveral  Parts,  as  the  La¬ 
rynx,  the  Longue,  the  inner  Bar,  the  various 
Mufcles ,  their  Lungs ,  the  Pofture  of  the  Hearty 
&c.  are  different  for  the  moft  Part  from  other 
Animals,  j  5.  The  Migration  of  Birds  is  an 
Inftance  of  great  Amazement :  The  Stork  in 
the  Heaven  knowethnnyiD  her  appointed  Times, 
and  the  Turtle,  and  the  Crane,  and  the  Swal¬ 
low,  okjerve  the  Time  oj  their  Coming,  faith  God 
himfelf,  jCr.viii.  7.  What  livzngz Inflinci  ihould 
induce  them  to  change  their  Place?  What 
Ihould  diredt  feme  to  warmer  Climes?  others  to 
colder  Climes  ?  Yea,  what  fhould  incline  Swal¬ 
lows,  for  Inftance,  to  take  up  their  Winter 
Quarters  in  the  W ater,  tinder  the  Ice,  in  Lumps 
and  Cl  lifters  in  the  frozen  northern  Seas  ?  as  it 
is  well  known  they  do  16.  The  Incubation 

#  Sines  not  only  Olaus  Magnus  reports  this  in  his  B regular.  Hi/?, 
Serpent.  Lib.  XIX.  Cap.  ?  i.  but  bMo Etmuller  affirms  he  has  found 
Swallows  in  this  Condition  among  the  Reeds  of  a  FiJh~Pond\  and 
4  the  Rev.  Mr.  Derham  fays,  that  fit  a  Meeting  of  the  Royal  Soci¬ 
ety  Feb .  12,  17 1  i-j  2 ,  Dr.  Colas  declared  he  faw  16  Swallows  fo 
drawn  oat  oftheLake  of  Samdrot,  and  about  30  out  of  the  King’s 
great  Pond  in  Rojincilin ;  and  that  at  Scblebitten,  near  an  Houfeof 
t  ic  Earl  or  Dpbna ,  he  faw  two  Swallows  juft  cciiie  out  of  the 
Waters,  that  could  fcarce  Hand,  being  very  wet  and  weak,  with 
their  Wings  hanging  on  the  Ground  ;  and  that  he  hath  obferved 
the  Swallows  to  be  often  weak  for  feme  Days  after  their  Ap* 
pearance.  Pbjfico-Theol.  Book  V1IL  Chap.  3.  Note  (4.) 
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of  Fowls  is  W'orth  our  Notice:  How  (fays  the 
great  Naturaliji ,  the  Rev.  Mr.  Derham)  fhould 
they  be  aware  that  their  Eggs  contain  their 
Young?  01%  that  their  Production  is  in  their 
Power  ?  ly.  Their  Nidification  ought  to  hum¬ 
ble  the  Pride  of  Man  ;  with  what  inimitable 
Art,  Neatnefs,  and  Propriety,  do  they  contrive 
and  build  their  Nejis  ?  18.  The  Egg  itfelf  is  a 
ftupendous  Contrivance  of  infinite  Wifdom. 
Moft  Animals  are  produced  from  Eggs  within , 
but  Fowl  exclude  their  Eggs,  which  therefore 
are  made  with  hard  cruffy  Shells  to  preferve 
the  included  Embryo  from  Accidents,  and  to 
contain  fuitable  Nourifhment  for  it :  Chickens 
are  nourifhed  by  the  White  alone  till  grown 
great,  and  then  feed  on  the  Wronger  Diet  of  the 
Yolk.  19.  Though  all  Fowl  are  hatched  from 
Eggs ;  yet  it  is  not  always  by  the  Incubation  or 
Brooding  of  the  parent  Fowl,  but  by  fome 
other  Pleat  or  Warmth  fornetimes :  Thus, 
Job  xxxix.  (the  Of  rich)  kayefb  her  Eggs  in  the 
Earth ,  and  warmeth  them' in  the  Duji  ;  and  at 
this  Time  they  hatch  Chickens  in  Ovens  at 
Grand  Cairo  in  Egypt  ;  each  Oven  containing 
80000  Eggs.  20.  Some  Birds  feed  on  Grain, 
and  are  called  Gramvorous ;  and  Birds  of  Prey 
are  called  Carnivorous,  becaufe  they  feed  on 
Flefh.  Thefe  are  a  few  of  the  many  wonder¬ 
ful  Properties  of  the  Nature  oj  Birds * 

A.  Indeed,  Sir,  it  affords  me  unfpeakable 
Pleafure  to  hear  you  recount  the  Particulars 
of  the  wonderful  Nature  of  different  Animals; 
and,  pray,  go  on  if  you  pleafe,  in  the  next  Place, 
with  the  Nature  oj  Fijhes  *r.  B .  1  he 


*  1,  Arijiotle  divides  Filhesinto  three  Kinds  yWZ.Ceraceausfar^ 

y  2  tilaginousT 
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B.  The  remarkable  Particulars  in  the  Survey 
of  the  Nature  of  Fifties,  which  i  (hail  juft  ob* 

'  ferve 

tilaginous ,  and  Spinous  ;  and  to  this  Diviiion  Mr.  Willoughby 
contents,  as  better  than  that  of  Rondeletius ,  who  didinguidies 
Fifties  into  Sea-Fijh ,  R  lover- Fiji? ,  Fond  or  Lake-Fijh. 

2.  The  Cetaceous  Kind,  fometimes  called  the  Bella  Marina , 
have  Lungs,  and  breathe  like  Quadrupeds ;  they  copulate  alfo 
like  them,  conceive  and  bring  forth  their  Young  alive,  and 
fuckle  them  with  their  Milk. 

3.  The  Cartilaginous  Sorts  are  produced  from  large  Eggs  like 
Birds,  which  are  excluded  the  Womb  alfo,  like  thofe  of  Birds. 

4.  The  Spinous  Kind  are  alfo  Oviparous ,  but  their  Eggs  are 
fm alter,  and  they  have  Spince ,  or  fiiarp  Bones  up  and  down  in 
their  Flefti  to  drengthen  It. 

5-  But  Mr.  Willoughby  thinks  it  would  be  yet  more  proper  to 
diftinguifh  Fifti  into  fuch  as  breathe  with  Lungs ,  and  fuch  as 
breathe  with  Gills ;  and  then  to  fubdivide  thofe  that  breathe  with 
Gills  into  Viviparous ,  and  Oviparous. 

6.  The  Viviparous  Kind  he  fubdivides  into  the  long,  as  the 
Sharks  and  Dog-Fijh ;  and  broad  Kind,  fuch  as  the  Paftinaca , 
Raja,  Squatina ,  Sec . 

7.  The  Oviparous  Kind  are  the  mod  numerous ;  andthefe  he 
fubdivides  into  the  Flat-fijh  Kind,  and  fuch  as  fwim  with  their 
Backs  upright,  or  at  right  Angl  es  to  the  Horizon.  He  gives 
us  the  following  Catalogue  of  our  Englijb  Fifhes . 

8.  Of  the  long  Cartilaginous  Kind,  are  the  white  and  blue  Shark ; 
the  cl  ope  ;  the  Prickled  J)og ,  or  Hound  Fijh  ;  the  Smooth -Hound - 
Fijh  ;  the  Cornwall- Bounce  ;  the  Morgay,  or  Lejfer  Hound  Fijh. 

9.  Of  the  plain  Cartilaginous  Kind,  are  the  Scale  cr  Flare  ; 
the  7 hornback ;  the  White-Horfe ;  the  Angel:  or  Monk- Fijh  :  the 
Toad- Fijh,  or  Sea-Devil. 

10.  Of  the  plainfpinous  Kind,  are  the  Turhet,  or  Bret  ;  the 
Cornwall- Lug  Aleje  ;  the  Plaje  ;  the  Dab  ;  the  Flounder  ;  Fluke, 
or  Butt ;  the  Holy-  Butt,  or  Turbot  of  the  North ;  the  Sole*. 

j  !.  Of  the  Eel  Kind  we  have  the  Lamprey  ;  the  Lampern  ;  the. 
Conger  •‘Eel ;  the  common  Eel ;  the  Sand-Eel  or  Lancer ;  the  But- 
ter ‘Fijh  5  the  Sea -Loach  ;  the  Eel  Pout,  or  Fur  hot ;  the  Sea-Wolf ; 
the  Sea- Lark  ;  the  Crejled-Sea-Lark  ;  the  Liparis  of  Rondeletius  \ 
the  Milled s -Thumb  ;  the  Dutch- Poto- Hogs. 

12.  Qi  the  Kinds  of  hifti  wanting  the  Belly  Pair  of  Fins,  we 
have  the  Sun- Fijh  ;  ^  the  Jens  of  Arijhile  ;  the  Sea  Adder  ;  the 
Saw* Fijh  j  to  which  may  be  added  the  Mermaid ,  or  Syren. 

13.  Of  the  Non-J pi-nous  Kind  with  thpee  unprickiy  foft  Fins  on 
the  Back,  we  have  the  Cod- Fijh  ;  the  Whiting-Pollock  ;  the  Cole - 
Fijh  ;.tbe  Whiting- Blands  ;  the  Haddock  ;  the  Whit  in?. 

1 4-.-  Ol  the  -Non-fpmous  Kind  with  only  two  foft  Fins  on  the 
Back,  are  the  Hake  ;  the  Ling  ;  the  Funny,  or  Spanifh- Mackrel ; 
the  Grayling,  or  Umber  ;  th c  Ginnard;  the  Schelly ;  the  Salmon  ; 

the 
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icrve  to  you,  are  the  following:  1.  As  they 
were  originally  made  out  of  the  Water ,  fo 
that  is  the  only  Element  in  which  they  can 
live :  And  therefore,  becaufe,  2.  Their  Mo¬ 
tion  is fwimming,  they  need  no  Legsj  and  fo 
have  none.  3.  Inftead  thereof,  they  are 
much  better  provided  with  Fins,  and  more 
efpecially  a  proper  Sort  of  Tails,  which  ferve 
as  Oars  to  waft  themielves  about  withal  in 
the  Water  :  For,  4.  The  Fins  on  the  Belly 
principally  ferve  to  keep  them  from  turning  on 
their  Backs,  as  being  the  heavier  Part $  as 
they  would  do,  were  thofe  j Belly  Fins  cut  off. 
5.  The  Fifties  ufe  Refpiration  in  Water,  by 
palling  it  through  their  Mouths  and  Gills  ;  for 
their  Gills  ferve  in  them  the  Office  of  the  Lungs 
in  other  Animals.  6.  The  Bodies  of  Fifties 
are  contrived  with  fuch  divine  Geometry ,  as 

the  Samlet,  or  "Braidin',  the  Gray ;  the  Salmon-Prcut ;  the  Scurf, 
or  Bull-Trout ;  th e  Front;  the  Red- Chare ;  the  Gilt- Chare  ;  the 
Smelt  ;  th <z  Rock-Fifth,  or  Sea-Gudgeon  ;  the  Lump,  or  Sea-Q-ivl ; 
the  Deg ,  as  it  is  called  in  the  Weft  of  England. 

15.  Of  the  IN  on  ftpincus  Kind  with  oniy  one  Fin  on  the  Back, 
we  have  the  Herring ;  the  Pilchard ;  the  Shad ;  the  Sprat , 
(which  is  only  a  young  Herring )  ;  the  Gar-Fijh  ;  the  Sturgeon ; 
the  Pike,  or  "Jack  ;  the  Carp  ;  the  Bream  ;  the  Penck  ;  the  Oerve; 
trie  Chub  ;  the  Barbel ;  the  Dace  ;  the  Roach  ;  Bleak  ;  Gudgeon  ; 
Loach',  2i\\dMinonv.  Note,  the  la  ft  twelve  of  thefe  are  called 
( Malacoftomi )  Leather-mouthed  Fiihes,  becaufe  they  have  no  P eeth 
in  their  jaws,  but  only  deep  down  in  their  Mouths. 

16.  Of  the  ftpinous  Kind  with  tnvo  Fins  on  the  Back ,  of  which, 
the  foremoll  is  aculeate,  or  prickly,  we  have  the  Bajfe;  the  Mul¬ 
let  ’,  the  Grey- Garnard ;  the  Pub-Fifth  ;  the  Rotchet  ;  the  Piper', 
the  Sur -Mullet ;  the  Spider  ;  the  Scud;  the  Perch;  the  Dorge. 

17.  Of  the  aculeate  Kind  with  only  one  pin  on  the  Back,  whofe 
Radii  are  fame  prickly ,  and  ftomeftoft,  we  have  the  Gilt-Head ;  the 
Old-Wife  ;  the  Rujf ;  the  Prickle- Back,  or  Banfticle ;  the  lefier 
Prickle-Back . 

18.  Of  the  Cetaceous  Kind,  there  are  reckoned  only  the  Ba~ 
Irena  Britannic  a  of  the  Ancients,  at  this  Time  not  known;  the 
common  Whale ;  the  Dolphin  ;  and  the  Forpufs . 


to 
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to  pafs  through  the  denfe  Medium  of  Water  with 
the  greateft  Eafe,  and  the  leaft  poffibie  Re¬ 
finance  from  it.  7.  How  wonderoufly  are  they 
defended,  beautified,  and  rendered  more  apt 
for  gliding  through  the  Water,  by  thofe  hard, 
fmooth,  polithed,  numerous  Scales,  with  which 
the  Surface  of  their  Bodies  is  io  curio u 1] y  over¬ 
laid!  8.  i  he  great  -JlutDor  of  Nature  has  con¬ 
trived  the  Eye  of  Fifties  juftly  fuitable  to  the 
Nature  and  Refradlion  of  Water,  different 
from  that  of  Air,  for  their  Eyes  are  fiat  out¬ 
wardly,  and  not  protuberant,  left  they  fhould 
wear  and  hinder  Motion ;  but  the  cryjlalline 
Tumour  is  made  Jperical,  and  not  lenticular ,  or 
fiattifli,  as  ours,  who  live  and  fee  through  Air.  o. 
Fifti  are  contrived  with  an  Air-bladder,  which 
makes  them  buoyant ;  and  according  as  they 
dilate  or  contract  their  Bladder,  by  the  Means 
of  Air,  fo  they  are  enabled  to  abide  higher,  de¬ 
fend  lower,  or  remain  in  what  Part  of  the  Wa¬ 
ters  they  pleafe.  10.  borne  Fifties  are  wonder¬ 
fully  formed  with  Inflruments  of  Defence,  Pro- 
vifion,  &c.  What  amazing  circular  Rows  of 
horrible  Teeth  fill  the  Mouth  of  a  Shark  !  other 
fome  are  endued  with  W tugs  •,  Ibme  have  two 
or  more  Feet,  as  the  Male  Whale,  &c.  See  the 
wonderful  Vnicorn-Fijh  in  Fig.  LIV.  on  Plate 
XXVI,  fronting^.  342,  whole  Horn  is  10  or 
12  Feet  in  Length.  The  Sword-Fijh  in  Fig. 
LV.  and  the  Saw- Fijh  in  Fig.  LVJ.  on  the 
fame  Plate ,  are  very  furprizing ;  the  Sword 
and  Saw,  where  they  ftioot  from  the  Head, 
being  fix,  eight,  or  ten  Inches  wide,  and  about 
five  or  fix  Feet  in  Length,  as  I  remember  to  have 
ft.cn  them;  the  reetnoi  the  Saw  at  the  broad 
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End  being  as  long  as  one's  Finger.  ii.The 
Size  of  Fifh,  and  other  Water  Animals,  is 
almoft  infinitely  different;  the  greatefl  is  the 
Whale ,  (called  Leviathan  in  Scripture)  being 
the  biggeft  of  all.  Pliny ,  lib .  ix.  cap .  3*  men* 
lions  fome  Whales  960  beet  in  Length  ; 
lib .  xxxii.  cap.  1 .  he  mentions  Whales  000  t  eet 
lonp1,  and  360  broad,  which  came  into  a  Ri¬ 
ver  of  Arabia.  12.  The  Species  or  SorAr  gf 
Fifh  are  as  various  as  their  Size,  and  cannot 
be  all  known.  I  could,  had  1  Time,  nave 
named  to  you  a  far  greater  Number  of  re¬ 
markable  Peculiarities  in  the  Nature  oj  the 
finny  Tribe:  But,  if  you  defire  a  farther  Ac¬ 
count,  you  may  confult  the  voluminous  vVi st¬ 
ings,  of  the  Learned. 

A.  Sir ,  this  is  abundantly  better  than  none; 
pray  proceed  to  recapitulate  fome  of  toe  cmef 
Things  obfervable  next,  in  the  Nature  of  In - 
fells,  if  you  pleafe  *.  B.  Nothing 


*  1.  Mr.  Ray,  in  his  Method  of  In  feds,  diftinguifhes  Infeas 
into  two  general  Kinds,  viz.  fucn  as  change  their  term,  and  luch 

as  do  not  change  their  Form *  err 

2.  InfeSs ,  which  change  not  their  Form,  have  iome  fix,  fome 
eio-ht,  fome  fourteen,  others  twenty-four  Feet,  and  fome  many 
more,  which  are  therefore  called  Polypedes ,  or  Multiples. 

5,  Thofe  that  have  but  fix  Feet,  are  urreftrtal  or  aquatic  ;  the 
terreftrial  are  of  various  Sorts,  as  the  Lou/e,  the  Flea  theM- 
Loufe,  the  Wall-loufe ,  the  STiVi,  and  feyeral  others  found  in  the 
rotten  decayed  Wood  of  Trees,  old  Books ,  in  Meal ,  in  the  Eaitb 
in  Flowers ,  &c.  Thofe  in  Water,  are  a  Sort  of  Loufe  adhering 

to  Fifh  ;  and  the  Sauilla  Jluviatihs .  ,  c 

4.  Infeas  with  eight  Feet  are  either  with  a  Tail,  as  the  Scor¬ 
pion  ;  or  without,  as  the  Spider .  Of  this  Sort  fom  ejptn  no  Vreby 
have  but  two  Eyes,  and  very  long  Legs ,  as  the  Carter  or  Shep¬ 
herd.  Others  /pin  a  Web,  and  have  many  Eyes,  and  are  of  divers 
Sorts.  To  this  Tribe  of  eight-footed  Infctts  belong  fevcral  Sorts 

of  Ticks,  and  the  Syrones,  or  Mites.  ,  .  r 

r,  Infeas  not  changing  Form,  and  with  14  Feet,  are  the  Arjeih , 

or  thofe  of  the  Wood-Lice,  or  Chefs-bob  Kind,  of  which  *o»n  tJjye 

Y  4.  111 
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B.  Nothing  pleafes  me  more  3  therefore  with 
regard  to  Injects,  1  obierve,  1.  That  though 

they 


In  "Water,  fome  on  Land.  To  this  Tribe  are  alfo  referred  a  Sort 
01  Water -Gnat,  cr  Fly^  and  a  Water -Louje ,  found  upon  Fiih. 

6.  i  liefe  which  have  24  Feet,  have tKe  eight  fore  Feet  leffer, 
and  the  16  hinder  ones  larger.  Of  thefe  there  are  two  Kinds 
obferved,  both  with  long  Bodies,  one  larger  and  of  an  obfcure 
Colour,  among  the  Rocks  by  the  Sea- Side ;  the  other  of  a  Sil¬ 
ver  Colour  found  in  Houfes. 

7.  There  is  a  Kind  with  30  Feet,  of  an  oblong  Shape,  Chef- 
nut  Colour,  and  full  flattifh  Body,  ufually  lying  under  Logs 
and  Trunks  of  Trees :  It  is  very  agile  and  fwift. 

8.  The  Multipeds Infeds,  which  change  not  their  Form,  are 

found  both  in  Hand  and  in  Water;  thofe  on  Land  are  either 
rsiindijh  in  the  Body ,  with  all  their  Legsrifing  out  of  the  Middle 
cf  the  Belly  nearly,  as  the  Fulus  ;  or  more  flat  and  compreifed, 
with  their  Legs  growing  along  on  each  Side,  as  the  Scolopen - 
dr  a .  1 


9.  And  feme  of  thefe  Multipedes  are  aquatic ,  of  which  Mr. 
Bay  makes  three  Sorts,  •viz.  the  Cornijh  Lugs  with  38  Feet,  the 
scolopen  dr  a  Marina ,  and  a  two-tailed  Animal  lying  in  the  Clefts 
of  Stones  under  the  Salt  Water. 

10.  i  tie  fecond  Kind  of  infects  are  thofe  which  chancre  their 
jorm,  or  undergo  a  real  Met  amor phofis.  And  this  is  of  three 
Sorts  or  Species,  wz.  The  fir Jl  is  when  the  dr  an  [mutation  or 
Cnange  A  Jingle  and  infiantaneous  ;  there  being  no  fenfible  Stop 
or  Reft  between  the  Old  and  the  New  Form.  The feccnd Species 
is  when  there  is  a  double  Metamarphofs  ;  as  hr  ft  into  a  Chry falls 
and  then  into  a  flying  Infedl.  The  third  Species  is  a  Simple 
Change  from  a  Worm  to  allying  Infeft,  but  yet  with  a  fenfible 
Red  or  Stop  between  one  Form  and  the  other 

11.  Of  th e  firfi  species  are  tne  Libeller  or  Pertez  produced  from 
an  In  fed  with  fix  Feet ;  the  Cimices  Sylvefires ,  having  the  Figure 
of  St.  Andrew’s  Crofs  on  their  Backs  ;  the  Leafs  ;  the  Gryllo- 
Falpa,  or  Mole-Cricket ;  Crickets  of  all  Kinds  ;  the  Grafhopper  ; 
tne  Blatta  ;  the  Ephemera ,  which  lives  but  a  Day  ;  the  Water- 
Scorpion  ;  Water-Flies  of  Several  Sorts,  ofc. 

12.  Infests  changing  Forfn  of  the  fecond  Species,  cr  which  under¬ 
go  a  double  Tranjmutation ,  are  very  numerous;  they  lie  a  while 
before  their  Change  quite  dill,  without  Food,  orehaWing  Place. 

*3*  refped  of  their  Wings ,  they  are  either  Vaginipennia,  or 
inch  as  have  Cafes  within  which  they  withdraw  and  cover  their 
Wings,  as  all  the  Scarabs,  or  Beetle  Kind  ;  Jnelytra,  who fe 
Wings  are  open  and  expanded. 

.  14  The  Scarabs ,  or  Beetles,  are  divided  in  refpe&  of  their  Horn  s 
into  the  Naficornis,  the  Bucerota,  and  Cervus  Volans,  or  Stag-Uy. 

In 
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they  are  a  fmall,  and  deemed  a  defpicable  Spe¬ 
cies  of  Creatures,  yet  when  well  confidered, 
and  carefully  furveyed  with  a  Microfcope,  they 
will  appear  the  Pride  of  Nature,  wherein  fee 
has  bellowed  more  nice  and  delicate  Art,  and 
difplayed  more  profufely  the  rich  Embroidery, 
and  elegant  Beauties  and  Garniture  of  Colours, 
than  in  any  of  the  larger  Species  of  Animals  ; 
though  unheeded  and  unfeen  by  us.  2.  Infefts 
are  fo  called  from  the  Shape  of  their  Bodies, 
which  feem  as  it  were  finfefta ,  i.  e.)  cut  into 
two  Parts  or  Halves,  and  joined  to  one  ano¬ 
ther  by  a  fmall  String  or  Neck,  as  in  Ants , 
Flies  >  &c.  3.  They  are  all  Oviparous ,  that  is, 
they  lay  Eggs,  from  whence  they  are  all  pro¬ 
duced.  4.  The  different  Kinds  of  Inf  efts  re- 
pofit  their  Eggs  in  different  Places ;  feme  in 
Beery  Vinegar ,  &c.  fome  in  Plums ,  Peafe , 
Nuts ,  &c.  as  the  Ichneumon  Flies :  In  Pears9 
Apples ,  &c.  as  the  Phalencence  Kind:  In  the  Bark 

In  refpeft  of  their  Antenna;  they  are  of  many  Kinds,  of  which 
the  moil  eminent  are  the  Capriccrni.  Some  from  their  Motion 
are  called  Saltatrices ,  or  Leapers ;  and  others  from  their  Colours 
are  called  Canthariaes. 

15.  To  the  Eeetle  Kind  may  be  referred  the  Glow-  Worm  ; 
the  Staphylinus ,  and  the  Oil-Beetle,  fo  called  from  its  emitting 
a  Sort  of  Oil  from  its  Joints  on  being  fqneezed  or  preffed. 

16.  The  Anelytra,  or  Infers  whofe  Wings  are  open,  and  with¬ 
out  Cafes,  have  their  Wings  either  farinaceous  or  mealy ,  as  the 
Butterfly  Kind  ;  or  membranous  and  tranfparent,  as  the  I1  ly  Kind. 

17.  The  Anelytra  with  farinaceous  or  mealy  Wings  are  of 
two  Sorts,  njiz.  F apiliones ,  or  Butterflies ,  which  fly  by  Day  j  and 
the  P balance,  or  Millers ,  or  Moths ,  which  fly  by  Night .  The 
various  Sorts  of  each  are  fo  numerous,  as  fcarce  to  be  recounted 
or  methodized. 

18.  Anelytra  with  membranous  Wings  are  a  large  Species,  and 
comprehends  numerous  Tribes  of  the  moil  perfect  InfeSts,  as  the 
Hornet ,  the  Humble-Bee ,  the  Bee ,  the  Wajp ,  and  all  the  Fly  and 
Gnat  Kind;  hitherto  is  alfo  referred  the  Formica,  or  Ant,  Moll 
of  this  Head  come  from  a  Vermiclc  or  Maggot  by  a  Metamor- 
phofis  of  the  third  Kind. 
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Wood,  Buds ,  Leaves ,  &c.  of  Trees.  The  white 
Butterfly  lays  its  voracious  Offspring  on  Cab¬ 
bage-leaves:  Some,  which  require  Warmth,  lay 
their  Eggs  about  the  Bodies  of  Animals ,  as  in 
the  Feathers  of  Birds ,  the  Hair  of  Beafis ,  and 
even  in  the  very  Scales  of  Fijh  :  Some  go  far¬ 
ther,  and  penetrate  the  Body  itfelf,  and  its  Ca¬ 
vities,  and  there  lay  their  Eggs,  as  in  the  Nofe , 
G&Ar,  the  Kidneys,  the  Bladder,  the  Brain ,  in 
the  Gall-Bladder  itfelf,  and  in  the  Fleflo  in  gene¬ 
ral.  5.  Hence  the  furprizing  Production  of 
Maggots  and  Vermin  in  ail  thofe  Places,  and 
Parts  of  Animals  now  mentioned.  6.  The  Me - 
tamorphofls  of  Infedls  is  a  Thing  extremely  afto- 
nifhing;  I  (hall  give  from  Mr.  Geodart  an  Pi¬ 
ttance  thereof:  See  Fig.  LVII.  on  PlateXXV I, 
fronting p.  342.  The  Eruca  or  Caterpillar  A 
hath  its  Origin  (faith  he)  from  the  Egg  or  Seed 
of  a  Butterfly  C,  called  the  Peacock's  Eye  j  I 
took  it  the  4th  Day  of  May  1635,  and  nou- 
rilhed  it  with  the  Leaves  of  Nettles  till  the  nth 
of  June  the  fame  Year;  at  which  Time  it  be¬ 
gan  to  prepare  for  its  Transformation  to  the 
State  in  which  it  is  called  Ckry  falls  or  Aurelia,  as 
B;  in  this  aurelian  State  it  continued  changing 
(with  its  Head  downwards)  19  Days,  at  the  End 
of  which,  there  proceeded  from  this  Aurelia  a 
Butterfly  C,  with  four  Wings ;  and  from  its 
elegant  Colours,  called  the  Peacock's  Eye ,  as 
aforefaid.  7.  In feCls  in  their  firft  State,  as  Maggots 
and  Caterpillars ,  feed  on  hard  and  coarfe  Diet, 
as  Leaves ,  &c.  contrary  to  other  Animals ;  in 
their  aurelian  State ,  they  fubfift  without  any 
Food  ;  in  their  mature  State,  as  Flies,  they  live 
on  a  more  delicate  and  tender  Diet,  as  Honey 

from 
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from  Plants,  Blood  from  Animals,  fife.  It  is  dif- 
covered  by  the  Microfcope ,  that  the  elegant  Co¬ 
lours  of  Butterflies ,  fi fc.  are  owing  to  neat  and 
well-made  Feathers,  fet  with  great  Curiofity 
and  Exacflnefs  in  Rows  and  good  Order.  9.  The 
Eyes  of  Infects  are  hard,  fixed,  or  immoveable  ; 
and  fome  have  more  than  two,  as  Spiders  have 
four,  fix,  or  eight  Eyes:  Flies,  Wafps, fiT.  h  a  v  e  the 
Cornea,-  or  outward  Coat  of  their  Eye,  made  of 
curious  Lattice-work,  as  is  reprefented  magni¬ 
fied  in  Fig.  LVXII.  on  Plate  XXVI,  fronting 
p .  342.  The  Eyes  of  thefe  Infebls  have  this  Con¬ 
trivance  to  fupply  the  Place  of  the  cryjlalline  and 
vitreous  Humours ,  which  they  (it  is  thought) 
have  not.  1  o.  The  Antennae ,  or  Feelers ,  which 
grow  from  the  Head  of  Infects,  ferve  them  to 
feel  out  Obftrudtions  and  Annoyances  in  their 
Walk  or  Flight;  are  a  good  Guard  to  the  Eyes 
and  Head;  and  in  many,  a  very  beautiful  Piece 
of  Garniture  to  the  Body.  1 1.  As  to  the  Motion 
of  Inf  ells,  fome  creep,  fome  leap,  forne  walk, 
fome  fwim,  and  mod  of  them  fly ;  fome  fly 
with  Wings,  others  by  Help  of  their  Webs,  as 
Spiders ;  and  others  by  Means  as  yet  unknown. 

1 2,  The  Wings  of  many  Infedls,  are  a  modcurious 
Piece  of  Workman  (hip,  diftended  and  (Length¬ 
ened  with  the  fined  Bones,  and  thefe  covered 
with  the  fineft,  tranfparent,  and  lighted  Mem¬ 
branes  ;  fome  adorned  with  neat  and  beautiful 
Feathers,  and  many  provided  with  the  fined 
Articulations  and  Foldings,  for  the  Wings  to  be 
withdrawn,  and  neatly  laid  up  in  their  Vaginae 
©r  Cafes ;  and  again  readily  extended  for  Ufe. 

13.  Thofe  Infebls  which  have  four  Wings,  have 
their  Bodies  thereby  kept  deady  and  upright  in 

‘  "  '  ■  Flight; 
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Flight;  and  thole  which  have  but  two  Winp-s. 
have  Poifes  or  Rointils,  like  little  Balls,  fet  under 
their  Wings  on  each  Side  their  Bodies  for  that 
Purpofe.  14.  The  Minutenefs,  Art,  and  Curi- 
ofity  of  the  Joints,  Mufcles,  Tendons,  Nerves, 
&c.  neceffary  to  perform  the  Motion  of  the 
Wings,  Legs,  and  other  Parts,  is  a  furprizing 
Thing  to  all  who  con  Oder  it.  15.  The  Nidifi~ 
cation  of  InfeSfs  far  excels  the  moil  exquifite 
human  Art,  witnefs  the  nice  geometrical  Combs 
of  fome,  or  earthen  Cells  of  others,  or  the 
Webs,  Nets,  and  Cafes  woven  by  the  admira¬ 
ble  dextrine  Art  at  fome  others.  16.  Again, 
what  ftrange  InftinCi  leads  others  of  thofe  fmall 
Creatures  to  make  even  Nature  itfelf  fubfervient 
to  their  Defigns,  by  making  the  Vegetation  of 
( Trees  and  Plants  the  Means  of  building  their 
little  Nefs  or  Cells ;  fuch  as  thofe  Cafes,  Galls 
and  Balls ,  found  on  the  Leaves  and  Branches  of 
Vegetables  of  many  different  Sort s;  fome  being 
hard  Shells,  fome  tender  Balls,  fome  fcaly,  fome 
fmootb,  fome  hairy,  fome  long,  round,  conical, 
f$c.  17.  They  have  Parts  analogous  to  the 
Brain ,  Stomach ,  Entrails ,  Arteries ,  Veins , 
Nerves,  Lymph  re  duels,  &c.  yet  being  fo  wonder¬ 
fully  fine  and  tender,  are,  as  it  were,  included 
within  the  hard  Cafe  of  their  outward  Body; 
wherewithal  they  are  cloathed  and  defended,  as 
with  a  Coat  oj  Mail .  18.  Again>  how  curioufly 
are  thofe  outward  Teguments,  or  hard  Cafes  of 
Inf e bis  Bodies,  contrived  ?  How  are  they  fet 
with  Brifles,  fharp  Spines9  &c.  for  Defence  ? 
How  are  they  adorned  with  neat  Imbrications, 
and  many  other  Beauties  and  Fineries  ?  19.  As 
the  Magnitude  of  fome  Species  of  Animals  is 

4  very 
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very  wonderful,  on  the  contrary,  the  Minute* 
nefs of  fome  Injects  is  far  more  amazing:  Mr. 
Lewenboeck  has  obferved  more  of  thefe  Ani¬ 
malcules  in  the  Melt  of  a  Cod-Fijh ,  at  one  Time, 
than  there  are  People  living  on  the  Face  of  all 
the  Earth  at  once.  It  is  alfo  found,  that  in  a 
Drop  of  Pepper-water  are  contained  above 
8280000  of  thofe  fmall  Creatures  ;  and  fome 
are  yet  difcovered  fmallei*  than  thefe,  fo  that 
Millions  of  Millions  might  be  contained  in  one 
Drop  of  Water.  20.  It  is  the  infinite  Number 
of  thefe  invifible  Animals  that  makes  ftagnatin^ 
Waters  appear  of  fo  many  different  Hues,  as 
greeny  fyrown,  reddifo,  &c.  But  I  cannot  far¬ 
ther  enlarge,  for  want  of  Time. 

^.Well,  thefeThings  loudly  declare  the  won¬ 
drous  Skill  and  Wifdom  of  their  Maker;  and 
great  Pity  it  is  they  are  not  more  attended  to : 
But,  pray,  continue  this  pleafing  Survey  next  in 
the  Nature  of  thofe  Creatures  you  call  Reptiles 

B ,  In 

*  I  •  Reptiles  are  either tertefirial or  aquatic .  Tt tr  reft  rial  Reptiles , 
orfuch  as  are  found  on  Land,  or  in  the  Earth;  among  thefe 
the  Serpent  Kind  are  the  principal ;  of  which  fome  are  venomous 
in  their  Bite,  as  the  Rattle-Snake ,  the  Viper  or  Adder  \  and,  fome 
think,  theS/oe  Worm ;  but  that,  as  well  as  its  Blindnefs, is  thought 
by  others  to  be  an  Error.  Some  are  not  venomous ,  as  the  common 
Snake ,  and  many  other  Sorts  of  Snakes  in  foreign  Countries, 

2.  The  next  confiderable  Species  of  Reptiles,  ate  Snails  of  all 
Sorts :  Of  thefe  fome  bear  Shells  of  various  Forms,  Sizes,  and 
beautiful  Colours.  Others  have  no  Shells ,  as  the  large  black 
Snail,  and  others  ofa  greenilh  and  yellow  Colour;  with  all  that 
oortwe  call  Slugs ,  round  under  Boards  on  moift  Ground,  and 
on  the  Leaves  of  Plants,  &c. 

3.  To  the  Head  of  Reptiles  alfo  many  refer  the  Multipeds  Kind  ; 
for  as  they  cannot,  without  great  Impropriety,  be  called  Infefis ; 
and  as  their  Motion,  though  performed  with  Legs,  is  yet 
a  Sort  of  Creeping  or  C raveling,  fo  they  may  be  very  fitly  called 
Reptile1: ;  but  as  1  have,  according  to  Mr.  Ray' s  Method,  men¬ 
tioned  them  in  the  lad  Note  as  a  Species  of  if  As,  1  fhall  fay 
nothing  mere  of  them  here. 
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B.  In  the  Reptile  Species  feveral  Things  arc 
common  to  other  Animals,  and  have  been  al¬ 
ready  obferved;  and  fome  Things  are  fomewhat 

parti- 

4.  The  Lumbrici ,  or  Earth-Worms ,  are  a  modconfpicuous  Part 
of  the  Reptile  Kind  :  Of  thefe  fome  are  of  a  larger  Sort ,  called 
Dew  Worms  ;  fome  of  a  lejfer  Sort,  of  thefe  there  are  red  and 
green ,  with  yellow  Tails  ;  which  latter  are  called  Gilt-Tails. 

£.  Worms  found  in  the  Bodies  of  Animals  make  another  large 
Species ;  as  the  Teretes ,  the  Lati,  the  Afcarides  in  the  Bowels  of 
Men  ;  the  Vermiculi  Setiformes ,  and  the  Botts  in  the  Intestines 
of  Horfes  and  other  Bealls. 

6.  Aquatic  or  Water- Reptiles  are  of  various  Species  ;  of  which, 
in  regard  of  their  Motion,  Eels  make  the  find  Diftin&ioil  :  But, 
from  their  more  general  Nature,  they  have  always  been  con- 
lidered  among  the  Fijh  Kind ,  where  of  Courfe  I  was  obliged  to 
take  Notice  of  them  in  this  Survey.  See  Note,  Page  340.  Art .  1 1* 

7.  The  Leaches  make  the  next  Oafs  of  Water -Reptiles  :  Of 
thefe  there  are  three  Sorts,  m.  the  Medicinal  Leach,  or  Sangui - 
fuge  ;  the  common  black  Horfe-Leach ,  and  the  Alh  coloured  Sea- 
Leaches.  There  is  alfo  a  Sort  of  this  Kind  that  is  J mailer  and  flat¬ 
ter,  which  is  found  flicking  to  Stones  at.  the  Bottom  of  Brooks. 

8.  Befides  this,  there  is  another  lefier  Sort  of  Water -Reptiles,  of 
which  fome  are  round,  long,  and  black,  and  others  red ;  the 
Black  hath  twofmall  Horns  on  its  Head  ;  the  Red  is  about  a  Fin¬ 
ger's  Length,  with  a  Forceps  at  the  Tail, To  thefe  may  be  added, 
thofevery  final!  and  flender  Anguicula  which  lie  in  Clutters  in  dag- 
nantWaters,  and  from  a  Vefielof  a  red  Fluid  which  appears  thro* 
the  Body  of  each,  they  make  the  Water  look  red  in  divers  Places. 

9.  There  is  another  Sort  of  this  Kind  which  is  flat  *  and  very 
fmall  and  thin,  and  are  called  Flukes ;  they  are  fometimes  found 
in  Waters,  and  fometimes  in  the  Branches  of  the  porus  Bilarius 
in  Sheep.  Befides  thefe,  there  are  many  other  Species  without 
Name  or  Didindlion. 

10.  I  think  thefe  Water-Animals  which  are  covered  with  a 
‘Theca ,  or  Sort  of  Cafe,  are  to  be  referred  to  the  Clafs  of  Reptiles . 
This  Theca  is  either  immoveable ,  being  fixed  to  the  Stones,  and 
is  of  a  Figure  round,  or  elfe  more  compreffed  and  fiat ;  cox  move- 
able  and  portable  ;  which  Theca  is  commonly  called  Phryganea% 
and  is  either  fir  night  or  crooked . 

1 1 .  The  draight  Theca  is  compofed  either  of  Straws  and  little 
Fefltucas ,  lying  parallel  one  to  another,  of  which  there  are  two 
Sorts,  a  greater,  where  the  Feftucce  are  two  Inches  long  ;  and  a 
Isjfler,  which  is  very  common,  and  are  called  Straw-Worms.  Or 
eife  iheFeftuc#  lie  tranfverfely,  and  are  fhorter,  having  fome¬ 
times  Pieces' of  Shells  or  Stones  mixed  wkh  them. 

12.  Others,  whofe  Theca  or  Cafes  are  draight  alfo,  have  no 

Fefluc<e ,  but  always  either  Sand  or  Gravel ;  and  of  thefe,  fome 
have  the  Theca  round,  and  are  called  Cod -Baits,  others  are  fiat 
and  compreffed.  13,  Others 
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particular  and  peculiar  to  them,  which  I  (hall 
remark  in  the  following  Order  :  1,  Their  fina- 
ous,  vermicular,  or  creeping  Motion  is  very  curi¬ 
ous,  and  contrived  with  the  niceft  Art,  and  geo¬ 
metrical  Neatnefs.  2.  The  whole  Body  of  a 
Worm  is,  as  it  were,  but  a  Chain  of  annular  or 
fpiral  Mufcles ,  whofe  orbicular  Fibres  by  con- 
trading  render  each  Ring  (at  firft  wide  and  ex¬ 
tended)  more  ftraight  and  long  ;  and  thus  the 
foremoft  attracting  the  next  behind,  the  A&ion 
is  continued  through  the  Length  of  their  Body, 
and  produceth  their  vermicular  orfpiral  Motion. 
3.  The  Serpent  Kind  move  by  means  o i  annular 
Scales  lying  ftraight  acrofs  their  Bellies,  contrary 
to  what  they  do  on  the  Back,  and  other  Parts 
of  their  Bodies.  Now  the  Edges  of  the  fore¬ 
moft  Scales  lying  over  the  Edges  of  the  hinder 
from  Head  to  Tail,  runout  a  little  beyond  them, 
fo  that  when  each  Scale  is  drawn  back,  or  fet  a 
little  upright  by  its  Mufcle,  the  outer  Edge 
thereof  (or  Foot)  is  raifed  alfo  a  little  from  the 
Body,  to  take  hold  on  the  Earth,  and  fo  produ¬ 
cing,  by  the  fucceftive  Action  of  all,  the  finous 
Motion  of  the  Serpent .  4.  The  Motion  of  Snails 
is  performed  by  the  undulatory  ABion  of  a  long 
broad  Skin  along  each  Side  of  their  Belly 3  and 
they  are  enabled,  partly  by  a  flirny  glutinous 
Matter  emitted  from  their  Body,  and  partly  by 
the  Preflure  of  the  Atmofphere ,  to  adhere  firmly 

13.  Others  have  the  Theca  crooked  or  horned ,  which  runs  ta¬ 
pering  ;  of  thefe  there  are  reckoned  four  Kinds,  a  greater  and  a 
lefler  black  Sort ;  and  a  greater  and  leffer  AJh  coloured  one.  The 
Theca  or  Cafes  of  all  thefe  Sorts  of  Cados  '/Terms  are  admirably 
contrived,  being  cemented  or  glued  together  in  fach.  a  Manner, 
as  not  to  be  eafily  feparated  one  Part  from  another;  and  by  that 
Means  thefe  Creatures  feenre  themfelves  from  the  Voracity  of 
fuch  fidi  as  would  otherwife  make  them  their  Prey. 


to 
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to  all  Kinds  of  Superficies,  and  in  all  Poftures* 
5.  Caterpillars ,  while  in  their  vermicular  State * 
are  curiouily  provided  with  little  Feet,  the  fore- 
moft  fliort  and  hooked,  to  draw  Leaves,  &c.  to 
them  ;  the  hindermoft  are  broad  Palms,  be  let 
around  with  fcfrall  iharp  Nails,  by  which  they 
flick  to,  and  grafp  whatever  they  are  upon : 
Whereas,  in  their  Nympho,  or  Aurelia  State ,  they 
have  neither  Feet  nor  Motion,  but  a  little  in 
their  hinder  Parts,  and  in  their  mature  or  in- 
feei  State ,  they  have  motive  Parts  proper  to  that 
Species  of  Animals.  6.  It  is  a  wonderful  pretty 
Mechanifm  obfervable  in  the  going  of  Mille¬ 
pedes ,  (or  Multipedes J  that  on  each  Side  of  their 
Bodies  every  Leg  hath  its  Motion,  one  very  re¬ 
gularly  following  the  other  from  End  to  End 
of  the  Body  fo  that  their  Legs  in  going  make 
a  Kind  of  Undulation ,  and  give  the  Body  a 
fwifter  Progreffion  than  one  would  imagine  it 
fhould  have,  where  fo  many  fhort  Feet  are  to 
take  fo  many  fhort  Steps.  7.  The  Spine  or. 
Back- hone  of  Serpents  is  really  wonderful ; 
How  thick  are  they  fet  with  Joints,  or  Verte¬ 
brae  !  How  numerous  and  ftrong  are  their  co¬ 
operating  fmali  Mufcles  !  By  what  curious  Ar¬ 
ticulation  of  the  Vertebra  can  they  turn  and 
wind  their  Bodies  any  Way !  8.  Some  of  the 
"Reptile  Kind  are  provided  with  a  poifonoUs  Mat¬ 
tery  ferving  to  the  more  eafy  Conqueft  and 
fore  Capture  of  their  Prey ;  and  probably  may 
ferve  to  the  Digeftjon  of  their  Food.  9.  The 
Poifon  of  the  Viper  lieth  in  a  'Bag  in  the  Gums 
at  the  End  of  a  certain  (harp  Tooth,  conveyed 
thither  by  a  Daft  from  a  conglomerate  Gland 

lying 
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lying  in  the  Side  of  the  Fore-part  of  the  Head* 
by  which  it  is  feparated  from  the  Blood.  This 
Tooth  is  tubulated  or  hollow,  through  which, 
when  the  Serpent  biteth  therewith,  the  Poifon 
is  conveyed  to  the  Wound.  10.  The  Size,  or  ra¬ 
ther  Length,  to  which  feme  of  ttiele  Serpents 
grow,  is  very  furprizing.  I  have  feen  the  perfedt 
b.cin  ol  a  Rattle-fnake  22  Feet  long ,  and  there 
are  others  from  30  to  40  Feet  in  Length.  11. 
Thofe  Cieatures  of  the  Serpentine  Hind  are  the 
mofi  vivacious,  or  tenacious  of  Life,  of  all  other 
Animals.  Thus  we  fee  Eels,  Adders,  See.  live, 
have  Mouon,  yea,  are  very  ftrong,  for  a  great 
while  after  they  are  beheaded,  fleaed,  and°dif- 
boweled  :  The  Reafon  of  which  is  owing  to  the 
greater  Firmity,  Solidity,  and  Compadtnefs  of 
their  Hefh  above  that  of  other  Creatures ;  fo 
tnat  the  Adtion  of  the  vital  Springs,  or  Caufes 
of  Motion,  continue  longer  in  them  than  in 
other  Creatures.  12.  Mr.  Redi relates,  that  Ser¬ 
pents  and  Vipers  will  live  not  only  fome  Days  or 
Weeks,  but  many  Months,  without  Food,  ihut 
up  in  a  Box,  yea,  that  they  will  be  able  to  bite, 
and  emit  a  deadly  Poifon,  after  eight,  nine,  or 
more  months.  But  if  the  Veffel  beopen,and  they 
perlpire  much, they  die,  withoutFood,  in  afhort 
Time.  1  3.  Some  of  thofe  Reptiles,  as  Earth- 
Worms,  Snails,  &c.  are  Hermaphrodites-,  that  is, 
have  the  genital  Parts  of  both  Sexes,  the  fame 
Worm  being  Male  and  Female,  fo  that  they 
mutually  copulate  with  each  other;  and  the 
Parts  of  Generation  are  placed  in  the  Necks  of 
Snails,  juft  under  their  Heads.  And  would  you 
fee  more  of  the  wonderful  Nature,  Kinds,  and 


Pecu- 
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Peculiarities  of  the  Reptile  Species ,  you  may  be 
fatisfied,  by  reading  the  Natural  Hiftory  of  the 
feveral  Parts  of  AJia ,  Africa,  and  America. 

A.  Sir,  I  thank  you ;  I  do  not  know  but 
that  I  may,  when  I  have  Opportunity  and  Lci- 
fure:  But,  pray,  what  have  you  to  obferve  in 

the  Nature  of  thofe  you  call  Shell- Animals  *  ? 

B.  My 

l  . 

*  i.  The  Kinds  and  feveral  Species  of  Conchilious  or  Shell- Ani¬ 
mals  are  not  well  known,  nor  fufficiently  digeded  by  Natuialbis  , 
nor  isit^poffible  they  fnouid,  fmce  their  Number  wA  Variety ^ are 
jfo  exceeding  great,  and  the  Bottom  of  the  Sea  their  principal 

Place  of  Habitation.  ,  r 

2.  However,  fome  of  the  more  common  and  dilhnguiihed  ot 

thisTribel  {hall  enumerate  and  methodize  in  the  following  Or¬ 
der.  Of  Shell-Fijh ,  fome  are  univalve,  or  have  only  one  Shell ; 

others  are  bivalve,  or  have  two  Shells.  . 

•2.  Of  fmn-le  Shell-Fifti  there  is  great  Variety,  both  with  re- 
foea  to  Fifh  itfelf,  and  the  Make  and  Form  of  the  Shells.  Some 
Fifh  havino-  divers  and  diftina  Parts,  as  Head,  Legs ,  Claws, 
Antenna,  &c.  without  the  Shell,  as  in  the  Lobjler  and  Crab  Kind. 
Others  are  contained  entirely  within  the  Shell,  except  when  tney 
exert  themfelves  for  Motion  ;  at  lead,  they  have  no  Parts  grow¬ 
ing  without  the  Shell,  as  in  the  Snail ,  Periwinkle ,  &t.  Kind. 

4,  The  Lobjler  is  the  Principal  of  Shell- Fijb.  His  Habitation 
is  in  Holes  among  the  Rocks.  They  have  four  Legs  on  a  Side, 
by  Means  of  which,  with  their  two  great  Claws  and  broad  Tail, 
they  move  with  great  Nimblenefs.  It  is  faid,  that  if  one  of  tne 
large  Claws  be  broken  off,  it  will  grow  again,  or  be  renewed, 
though  no  other  Animal  hath  the  Power  of  renewing  a  loft 
Limb.  Some  fay,  the  Lobjler  is  androgynous,  1.  e.  hath  both 
Sexes  in  itfelf;  but  others  doubt  it.  It  is  reported  there  are  near 
thirty  feveral  Sorts  of  Lobjiers,  all  clothed  with  Shells ;  or  the 
holder  Kind  are  the  Craw-Fijh,  th e.  Prawn,  the  Shrimp ,  Sec, 
c  The  Crab  is  the  next  ShelLFifh  of  Note;  its  Legs  and 
Claws  are  like  thofe  of  the  Lobfter  for  Number,  Parts  and 
Texture,  nearly  ;  but  their  Motion  is  latitudinal ,  or  fide-ways ; 
their  Ryes  are  more  prominent  than  thofe  of  Lobfters,  and 
therefore  want  not  their  Antenna,  or  long  Feelers.  They  live 
among  the  Stones  and  Rocks  like  Lobfters,  and  are  never  found 
uncovered  by  the  Waters,  except  when  very  young  and  final], 
on  the  Shores  at  low  Water..  T  eir  Spawn,  like  that  of  Lob - 
tiers,  con  fids  of  fmall  Eggs,  and  the  Time  of  Spawning  m 
both  is  the  fame.  The  Crab  Kind  hath  aifo  its  Species,  as  the 
Spider-Crab)  the  Soldier  Crab,  otc.  *  ® 
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B.  My  Survey  of  them  will  be  very  brief;  and 
I  fhall  obferve  to  you,  1.  That  thole  Creatures 

have 

6.  The  Star-Fijk  is  another  Species  of  the  Univalves  :  They 
have  five  pointed  Rays,  which  proceed  from  the  Body  in  the 
Centre,  and  by  bending  thefe  backward  and  forward,  move  in 
all  Dire&ions  indifferently.  The  Mouths  of  all  this  Kind  are 
in  the  Centre  of  their  Bodies,  and  armed  with  Teeth  :  they 
have  feveral  little  flefhy  Trunks,  which  they  dart  into  the  Mud, 
through  which  they  fuck  their  Food.  Their  Organs  of  Digejlion , 
Generation ,  or  for  voiding  of  Excrement ,  are  not  yet  difcovered. 

7.  The  mod  wonderful  Fifh  of  this  Kind  is  the  <S tella-Ar- 
borefcens ,  fo  called,  becaufe  from  its  fmall  Body,  as  a  Centre, 
proceed  a  prodigious  Number  of  Branches  all  around,  whole 
numerous  and  minute  Ramifications  make  a  furprizing  Kind  of  ' 
Net-Work,  which  the  little  Animal,  floating  about  in  the  Water, 
caffs  over  its  Prey,  which  it  then  catches  as  Fifh  are  caught  in 
a  Cajling-Net,  There  is  a  Fifh  of  this  Sort  to  be  feen  in  the  Mu- 
feum  of  the  Royal  Society  in  Crane  Court,  Fleet -Street,  whofe  Ra¬ 
mifications  are  reckoned  more  than  twenty  Thoufand  in  Number,, 

8.  Befides  thefe  are  divers  others,  whofe  Natures  are  very 
wonderful;  as  th eLimpets ;  the  T  enus-Ear ;  Sea-Urchins ,  or  Button- 
Fifhes;  Centre-Jhells ,  which  are  Cells  for  fmall  Fifhes  of  the 
Oyfler-Kind ;  the  Sea-Horfe ;  the  Pipe  Worm',  with  many  others. 

9.  There  are  feveral  Univalve-Shells ,  which  are  wreathed ,  or 
of  a  fpiral  Form.  As  the  Nautilus,  or  Sailor  ;  the  Turbinata ’,  or 
Whirls  of  feveral  Sorts,  great  and  fmall;  the  Sea-Spider,  and 
F ingered-Whirl ;  the  Mitre;  the  Harp;  the  Top-Whirl;  the 
BlackmorcN eeth  ;  the  Unicorn  Shell  ;  the  Purple-Shell ;  the  Spi¬ 
der-Shell  ;  the  Buccina,  or  Trumpet;  the  great  muricated  Whirl ; 
the  Golden  Trocbus ;  with  feveral  others.  Thefe  Shells  are 
feme  fo  large,  as  to  weigh  near  ten  Pounds ;  and  the  wonderful 
Colouring  of  others  furpaffes  that  of  Birds,  both  for  the  Variety , 
Order ,  and  Intenfity  thereof.  From  that  called  the  Purpura,  the 
Ancients  extracted  their  Purple  Colour,  with  which  they  dyed 
their  Stuffs  ;  though  Cochineal  and  Kennes  Cods  dye  a  Scarlet  in* 
comparably  better,  and  more  lading. 

10.  The  fecond  Kind  of  Shell-Fifhes  are  bivalvous ,  or  whole 
Shells  confiff  of  two  Pieces,  or  open  with  two  fimiiar  Parts. 
Among  thefe  the  Oyjler  obtains  "the  fir  ft  Place;  the  Mu  file 
next;  then  the  Scallop  ;  and,  laffly,  the  Cockles  of  every  Kind. 

11.  Thefe  are,  called  immoveable  Shell  Fijh ,  as  nor  being  hie 
to  remove  themfelves  from  their  firft  Situation;  they  are  al fo 
faid  to  be  Hermaphrodite,  as  not  having  the  Power  to  leek  at  any 
pittance  one  of  a  contrary  Sex  for  Copulation,  which  there  ©;e 
is  a  r.eeeffary  Provifion  of  Nature. 
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haveaSortof  miadleNature between  Plants  and 
Animals,  and  therefore  the  molt  imperfect  of  all 
the  animal  Creation.  2. They  are  therefore  called 
Zoophyta ,  from  KcZov  an  Animal ,  and  (pv%v  a 
Plant ;  as  much  as  to  fay,  animal  Plants .  or  ve¬ 
getable  Animals ,  becaufe  they  gather  Food,  and 
feed  with  a  Mouth  like  other  Animals;  but  grow 
or  adhere  immoveably  to  aShellbytheMembrane, 
as  Plants  grower  adhere  to  the  Earth  by  their 
Roots:  Such  as  Snails,  Oyjlers,  Cockles,  and  all  the 
conchilions  Kind. 3 . The  Shells  of  thefe  moft  con- 

1  2.  The  Oyfter  abides  at  fitch  a  Depth  of  Waters,  as  not  to  be 
left  uncovered  by  them  :  But  the  Mu/cle  has  generally  its  Situa¬ 
tion  in  fuch  Places  on  the  Shore  or  Rocks,  as,  by  the  Fall  of  the 
Tides,  they  become  expofed  to  the  open  Air.  The  Cockle  is  al¬ 
ways  bedded  in  the  Sand,  upon  thofe  Shores  which  are  uncovered 
at  low  Tides, 

13.  The  Food  of  Oyllers  and  Mufcles  are  fome  Kinds  of  Sea* 
Weeds,  and  the  fineft  Parts  of  Mud  and  Sand,  and  the  Walh  of 
the  Sea.  The  Cockle  feems  likewife  to  draw  its  Nourilhment 
from  Earth,  which  pafTes  through  its  Body  like  Earth-Worms. 

14.  Mr.  Lowenhoek  fays,  that  Mulcles  lay  their  Eggs  in 
Strings  on  the  Ou tilde  of  their  Shells,  and  that  thefe  Eggs  or 
Spawn  continually  increafe  in  Strength,  till  they  become  perfefl 
Mufcles ;  at  which  Time,  Part  of  th eEgg-Jhell  is  difcoverable  up¬ 
on  the  outward  Covering  of  the  Fifti,  till  that  Coat  is  hardened 
or  changed  into  a  firm  Shell.  Philo/.  Tran/.  N°  336. 

15.  Mr.  Strachan  tells  us,  he  law  on  the  Coalt  of  Ceilan  an 
Oyflerofa  Foot  Diameter;  and  that  the  Shell  of  one  of  thefe 
did  grow  till  it  was  three  Feet  in  Diameter  broad,  and  a  Foot 
thick,  after  the  Flefh  was  putrified.  Philo/.  Tran f.  N°  282. 

16.  There  are  very  commonly  found  Pearls  of  different  Sizes 
In  the  Bottom  of  the  Shells  of  Qyfiers ,  Scallops ,  and  efpecially 
In  that  called  the  Nakcr ,  or  Mother  0/  Pearl ,  where  they  are  gene¬ 
rally  found  in  Abundance.  The  Pearls  which  are  fometimes 
found  in  the  Bodies  of  thofe  Fifhes,  feem  rather  to  be  Gravel- 
Stones  than  true  Pearls,  and  therefore  not  fo  valuable. 

17.  BefideS  thefe  Shell-Fifh  noiv  mentioned,  there  are  many 
others  to  be  met  with  in  the  Works  of  Naturalijls,  but  infinitely 
mere  in  the  Works  of  Nature  herfelf ;  which  mull  be  left  to  the 
Search  and  Induftry  of  future  Time,  which  poflibly  may  arrive 
by  Degrees  to  a  more  accurate  Knowledge,  and  give  a  more 
perfect  Hiilory  of  them,  than  is  now  to  be  had. 
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temptible  Creatures  are  yet  made  with  wondrous 
Art, Beauty,  and  Finery,  in  iome particular  Spe¬ 
cies  of  Snails,  Cockles,  &c.  what  artful  curious 
Spirals,  Circles,  and  other  Divarications,  and 
diametrical  Divilions,  do  we  obferve  therein  ? 
How  are  they  covered  to  pleafe  the  Fancy,  and 
ferve  the  Luxury,  even  of  the  human  Species? 
4.  Thefe  Shells,  or  crujly  Houfes,  ferve  tiie  poor 
foft  and  bonelefs  Inhabitants  for  Defence  and  Se¬ 
curity  againft  outward  Accidents,  from  which 
they  can  fafely  retreat  therein  5.  A  wonderful 
Thing  in  Snails  is,  that  they  have  their  Eyes 
placed  (not  in  their  Heads  as  other  Animals,  but) 
on  or  at  the  fop  of  their  Horns ;  which  there¬ 
fore  they  can  move  farther  or  nearer  from  their 
Head,  and  circumvolve  them  here  and  there,  or 
one  this  Way,  the  other  that,,  at  Pieafure,  6, 
The  Bodies  of  Shell- Animals  are  contrived  with¬ 
out  Bones,  or  any  Thing  that  I  know  of  like 
them ;  they  confifl  of  a  tough  membranous 
Subftance,  analogous  to  Fiefh  and  Mufcles ; 
and  their  internal  Organs  of  Life  are  feveral,and 
diftindtly  appear  on  being  differed ;  but  what 
the  particular  Shape  and  Function  of  many  of 
them  may  be,  is  not  fo  eafy  to  afcertain  ;  the 
Bowels  and  Intejiine s  of  thefe  Creatures  bearing 
but  fmall  Analogy  to  thofe  of  more  perfect 
Animals,  I  Ihall  end  my  Reflections  on  them, 
by  giving  you  a  Cut,  Ihewing  the  mutual  Co¬ 
pulation  of  Snails,  by  their  Genitals  G,  in  Fig. 
LIX.  on  Plate  XXVI,  fronting^.  342. 

A.  It  is  very  wonderful  indeed ;  as  are  mod 
of  the  other  Particulars  which  you  have  related 
of  the  divers  Species  of  Animals:  But,  pray,  (be- 
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fore  we  leave  this  Survey  of  the  animal  Creation) 
let  me  afk  your  Opinion  of  Griffins ,  the  Phoe¬ 
nix^  Dragons,  Satyrs ,  Syrens,  Unicorns ,  Mer¬ 
maids,  Fairies,  &c\  Do  you  think  there  really 
are  any  fuch  Things  in  Nature  *  ? 

B.  The 

^  1,  It  makes  but  little  for  the  Credit  of  the  Hidories  of  Dra¬ 
gons,  Unicorns ,  Mermaids,  Sec.  that  their  Names  are  not  to  be 
found  in  the  T'r anfa&ions  of  our  celebrated  Royal  Society,  who, 
it  is  well  known  derive  their  Intelligence  at  the  bed  Hand  from 
almod  all  Parts  of  the  World.  At  lead,  I  can  find  no  Mention 
of  any  fuch  Creatures  in  the  feven  Volumes  of  Abridgments  by 
Lo^ivthorpe,  Earns s ,  and  Jones . 

2.  'The  Hiftoire  Naturelie  de  dUnluerJe  gives  an  Account  of  fe¬ 
deral  Perfons  who  have  defcribed  the  Unicorn ;  and  particularly 
Father  Echos,  in  his  Voyage  to  the  AbyJJine  Empire ,  fays,  that  this 
Animal  is  of  the  Shape  and  Size  of  a  fine-made  and  well-pro¬ 
portioned  Horfe,  of  a  bay  Colour,  with  a  black  Tail  and  Extre¬ 
mities  ;  he  adds,  that  the  Unicorns  of  Tuacua  have  very  fhort 
Tails;  and  thofe  of  Minina  (a  Canton  in  the  fame  Province) 
have  theirs  very  long,  and  their  Manes  hanging  over  their 
Heads.  VoL  IV.  Page  1. 

3.  Du  Ivlons  fays,  he  faw  the  Head  of  a  Dragon  which  was  fet 
up  over  the  Water  Gate  in  the  City  of  Rhodes ;  this  Dragon  was 
33  Feet  long,  and  waded  all  the  Country  round,  till  it  was  dain 
by  Deodaie  deGozon,  a  Knight  of  St.  John .  He  fays,  the  Head 
was  like  that  of  an  Hog,  but  much  larger;  its  Ears  were  like  a 
Mule’s,  but  cut  off;  the  Teeth  were  extraordinary  fharp  and 
long ;  the  Throat  wide  ;  its  Eyes  hollow,  and  burning  like  two 
Coals.  It  had  two  little  Wings  on  its  Back  ;  its  Legs  and  Tail 
like  thofe  of  a  Lizard,  but  ftrong,  and  armed  with  fharp  and  ve¬ 
nomous  Talons.  His  Body  was  covered  with  Scales,  which  was 
Proof  againdArms.  See  the  Manner  of  his  being  killed  in  the 
Atlas  Geographicus ,  Vol.  III.  Page  43,  44. 

4.  Ludolphus ,  in  his  Ethiopia  Hidory,  tells  us,  that  in  the  Abyf- 
fine  Empire,  there  are  voracious  fcaly  Dragons  of  the  larged  Size, 
though  not  venomous  or  hurtful  otherwise  than  by  the  Bite,  and 
they  look  like  the  Bark  of  an  old  Tree.  Atlas  Geographicus, 
Vol  IV.  Page  614. 

5.  The  Stories  of  Mermaids,  Satyrs,  See,  had  undoubtedly  their 
Original  from  fuch  Animals  as  have  in  fome  Refpefts  a  Likenefs 
to  the  human  Shape  and  Features.  Among  thefe  the  Monkey  Kind 
the  Orang  Outang,  and  the  Quoja  Morron,  are  the  chief  on  Land; 
and  the  Fidi  called  the  Mermaid,  (though  it  has  nothing  of  the 
human  Form)  and  fome  other  unufual  Animals  in  the  Sea. 

6.  The 
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B.  The  Phoenix  is  mentioned  by  Pliny,  and 
other  Ancients,  more  credulous  than  fkilful ;  but 
has  long  fince  been  rejected  as  a  vulgar  Error. 
The  Griffin  and  Harpy  have  had  a  Place  given 
th  em  in  Modern  Hiilories  of  Nature,  but  not 
without  great  Reproach  and  Ridicule  to  the  Au¬ 
thors.  Satyrs ,  Syrens ,  and  Fairies ,  are  all  Po¬ 
etical  Fictions.  The  Scripture  makes  Mention 
of  the  Dragon  and  the  Unicorn ,  and  mod  Na- 
t ura lifts  have  affirmed  that  there  have  been  Inch 
Creatures,  and  given  Defcnptions  of  them;  but 
the  Sight  of  thefe  Creatures,  or  credible  Rela- 

o  m  f 

tions  of  them,  having  been  fo  very  rare,  has  oc- 
cafioned  many  to  believe  there  never  were  any 
fuch  Animals  in  Nature;  at  lead  it  has  made 
the  Hiftory  of  them  very  doubtful.  As  to 

6.  The  Story  of  the  Quoja  Morron  being  very  uncommon  and 
curious,  I  fhall  here  inlert  it  from  Dapper ,  who  fays  they  are 
found  in  dOuoja  in  Guinea ,  and  Angola  in  Ethiopia,  The  Negroes 
call  them  Satyrs,  and  believe  they  fprang  from  the  human  Race, 
They  have  large  Heads,  thick  heavy  Bodies,  nervous  Arms,  no 
Tails,  walk  fometimes  eredf,  fometimes  on  all-four ;  they 
feed  on  Fruit  and  wild  Honey  ;  fight  continually  with  one 
another  ;  they  dare  attack  armed  Men,  and  wiil  fometimes  force 
Women.  The  Portuguefe  call  them  Savages, 

7.  Dapper  tells  us,  that  thirty  Years  before  he  wrote,  a  Female 
of  this  Kind  was  brought  to  Holland ,  and  prefented  to  Prince  F re - 
rferick- Henry,  It  was  as  bigas  aChijd  of  three  Yeai sold,  but  twice 
as  thick,  well  fet,  ftrong  and  nimble;  it  lilted  T  hings  or  great 
Weight,  and  carried  them  from  Place  to  Place.  Her  Breads  and 
Belly  were  naked,  but  her  Back  covered  with  Hair.  Her  Face 
was  fomewhat  human,  but  her  Nofe  flat  and  turned  up.  Her  Ears, 
Bread,  Nipples,  Elbow,  Legs,  Feet,  Belly,  and  Pudenda,  were 
altogether  like  a  Woman’s.  She  often  flood  and  walked  upright 
on  her  two  hind  Feet.  She  would  take  the  Cup  in  one  Hand, 
fupport  it  with  theother,  and  drink  very  neatly.  She  alio  lay 
down  to  deep  with  her  Head  on  a  Bolfier ,  and  fpread  the  Cover¬ 
let  over  her,  as  if  fne  had  been  a  human  Creature.  It  is  fup- 
pofea  this  Species  of  Creatures  firit  gave  Rife  to  the  poetical 
Kind  ofSatyrs.  S ez  Atlas  Geogr.  Vol.  IV.  Page  376,  and  561. 
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Mermen  and  Mermaids,  there  certainly  are  fuch 
Creatures  in  the  Seas  as  have  feme  diftant  Re- 
femblance  of  fome  Parts,  of  the  human  Shape, 
Mien,  and  Members-,  but  not  fo  perfectly  like 
them,  it  is  very  probable,  as  has  been  repre- 
fented.  In  all  fuch  ambiguous  Pieces  of  Hido- 
ty  it  is  better  not  to  be  poiitive,  and  fometimes 
to  fufpend  our  Belief,  rather  than  creduloufly 
embrace  every  current  Report,  or  vulgar  Af- 
fertion,  which  may  perhaps  expofe  us  to  Ridi¬ 
cule,  but  cannot  procure  us  any  folid  Reputa¬ 
tion  for  Wifdom  and  Learning. 

Well,  leaving  thefe  uncertain  Subjeds, 
let  us  conclude  this  fhort  View  of  the  Creation 
with  what  you  called  the  Jlccidents  of  animal 
Life ;  pray  what  do  you  reckon  fuch  ? 

B.  They  are  fuch  as  follow,  viz. 

Health:  T^his  arifeth  from  an  apt  Conftruc- 
tion  and  due  Temperament  of  the  Parts,  where¬ 
by  tney  are  capable  of  performing  all  the  natu¬ 
ral  Adions  and  Fundions  of  Life. 

Jdijeaje :  This  is  that  State  of  an  animal 
Body,  which  deprives  it  of  the  Faculty  of  ex¬ 
erting  every  Adion  proper  for  it. 

P  igilance,  or  the  btate  of  being  awake  :  This 
arifeth  from  the  Prefence  and  Adion  of  a  due 
Quantity  of  animal  Spirits  through  all  the  Parts 
of  the  Body  ;  by  Means  of  which  the  Organs 
of  the  external  and  internal  Senfes,  and  all  the 
Inftruments  of  Motion  depending  on  the  Will, 
are  properly  affeded  by  external  Objeds,  and 
eafily  perform  all  their  Adions  and  Motions. 

Sleep  :  The  State  contrary  to  Vigilance  -,  but 
what  is  the  Caufe,or  wherein  it  doth  con  lift,  the 

greateft 
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greateft  Phyfiologifts  differ  in  their  Determina¬ 
tions,  and  are  puzzled  to  account  for  it. 

Dream:  This  is  an  Adtion  of  the  refleSlive 
Faculty  of  the  Mind,  which  is  always  active 
even  in  Sleep,  and  doth  therein  recoiled!  and  re¬ 
view  the  Ideas  which  were  prefent  to  it  when 
the  Body  was  waking :  But  the  Body  afleep 
not  admitting  the  Exercife  of  the  rational  Fa¬ 
culty  of  the  Mind,  it  rangeth  thofe  Ideas  for 
the  mod:  Part  in  a  confuted,  unnatural,  and 
imperfedt  Manner  ;  and  this  Villon  of  Things 
we  call  a  Dream . 

Hunger :  This  is  that  Quality  which  arifeth 
from  a  Veliication  of  the  inner  Coats  of  the  Sto¬ 
mach,  by  the  Adtion  of  the  digefting  Juice ; 
which,  having  no  Food  whereon  to  fpend  its 
Force,  gnaws  on  the  Stomach  itfelf,  and  there¬ 
by  excites  in  our  Minds  the  Defire,  or  Appetite 
of  Food. 

Thirfi:  This  is  fo  me  what  analogous  to  Hun¬ 
ger  ;  for  a  due  Quantity  of  Moifture  being 
wanting  in  the  Stomach,  and  Parts  of  the 
Throat  and  Mouth,  produceth  that  molefiing 
Senfation ,  which  creates  in  us  a  Necejjity  of 
drinking ,  to  remove  it. 

Death:  This  brings  an  Animal  to  its  la  ft 
State;  and  is  nothing  but  a  final  Obftrudlion  or 
natural  Ceflationof  all  the  animal  and  vital  Fa¬ 
culties  and  Fundtionsof  the  Body,  which  then 
remains  in  a  State  of  perfedt  Quiefcence,  and  is 
entirely  paffive  to  all  other  Changes  and  Condi¬ 
tions  it  meets  withal  in  this  World.  And,  as 
Death  puts  an  End  to  all  Things ,  fo  I  judge  it 
mod  natural  to  end  this  long  Refledtion  on  the 

2  wonderful 
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wonderful  Wor  ks  of  God,  the  great  Author  of 
Nature,  with  the  awful  hubjedi  of  Death,  which 
alfo,  ere  long,  will  intercept  all  fuch  delightful 
and  agreeable  Converfe*  as  hath  hitherto  pafled 
between  you  and  me. 

A.  Ah  !  Were  it  not  for  the  Profpedi  of  a 
better,  and  a  more  perfed  State  of  Life  and 
Being  -hereafter,  how  dreadful  would  be  the 
Thought  of  parting  with  our  dear,  our  friendly 
and  agreeable  Company  and  Acquaintance,  even 
in  this  Life  of  Troubles  ?  I  am  heartily  forry 
that  our  Knowledge  extends  no  farther  in  the 
Nature  of  Things,  fmpeit  is  a  Topic,  which, 
of  all  others,  gives  me  themoft  ferious  and  per- 
fed:  Pleafure  in  the  Contemplation  of  it.  And, 
fince  you  have  taken  abundant  Pains  to  reple¬ 
nish  my  Mind  with  the  heft  Treafure  of  this 
Sort  of  Science,  I  can  but  love  you,  and  return 
you  my  ample  Thanks  for  the  fame. 
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